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PREFACE

This study entitled “Interactions Between Migrating Birds and Offshore Oil and Gas Platforms in the
Northern Gulf of Mexico,” also known informally as the “Migration Over the Gulf Project” (MOGP),
provides data and analyses of trans-Gulf bird migration from three years of intensive study on 13
platforms located in offshore waters in the northern Gulf of Mexico. The study was sponsored by the
Minerals Management Service (MMS) to provide environmental information to the MMS concerning the
possible influence of platforms on migrating birds. This volume focuses on broad-scale patterns of
migration and presents general findings concerning the ecology of migrants on platforms and the
influences of platforms on trans-Gulf migration.
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Chapter 1

Executive Summary
Robert W. Russell

The Gulf of Mexico is a major ecological barrier confronted by hundreds of millions of migrating birds
each spring and fall. Trans-Gulf migrations evolved in the absence of natural islands that could serve as
stopover sites; thus, the installation of an artificial archipelago of nearly 4000 oil and gas production
platforms in the northern Gulf over the past five decades has introduced a novel and potentially important
component into the en route environment of trans-Gulf bird migrants. From 1998-2000, my research
group at LSU studied the ecology of trans-Gulf migration and the influence of platforms on migrants
using a team of field biologists stationed on an array of platforms across the northern Gulf. This study
was funded by the Minerals Management Service (MMS) through a cooperative agreement with the
Louisiana State University Coastal Marine Institute, with extensive support provided by British
Petroleum, ChevronTexaco, ConocoPhillips, ExxonMobil, Newfield Exploration, and Shell Offshore.
The objectives of this study were to quantify spring and fall trans-Gulf migrations and to evaluate the
influence of offshore platforms on trans-Gulf migrating birds. In particular, this study sought to address
the following questions: 1) Which species are trans-Gulf migrants? 2) Are there specific migration
routes across the Gulf of Mexico? 3) When do migrants use platforms for stopovers, and how does the
timing of platform use relate to the seasonal and diel timing of trans-Gulf migration as well as weather?
4) How many individual migrants use platforms for stopovers, and how are the numbers of migrants using
platforms related to total trans-Gulf migration traffic aloft? 5) What is the condition of migrating birds
that stop on platforms, and what factors determine how long they stay? 6) During stopovers, do migrants
use platforms in predictable ways? 7) How many migrants that stop on platforms depart successfully
versus die there, and why do some birds die?

We sought to select platforms for study that were representative of the population of platforms at large,
with respect to both structure and geography. We staffed as many as 10 platforms in a

given season, stretching from North Padre Island 975 in the extreme western end of the Gulf to Viosca
Knoll 786 at the eastern boundary of the Central Planning Area. All platforms used in this study were
major fixed-leg platforms, with the exception of one compliant tower. Standardized field work was
conducted on five platforms from mid-March to mid-May in spring 1998 and 1999 and from mid-August
to mid-November in fall 1998. The study was subsequently expanded considerably in temporal and
geographical scope; ten platforms were staffed from early August through mid-November in fall 1999,
and nine platforms were staffed from early March to late May in spring 2000. In addition to the standard
spring and fall field programs, one platform was staffed year-round in 1999-2000.

The basic field protocol consisted of a standardized, time-designated “platform census” conducted by an
observer while walking around the platform on a prescribed route, with the goal of locating, counting, and
identifying all living birds on the platform at different times throughout the day. When a migrant was
detected, it was identified to species and (when possible) age and sex, and details of its behavior and
apparent physiological condition were recorded. This repetitive and highly standardized monitoring
scheme permitted us to develop detailed longitudinal case histories for individuals that undertook
extended stopovers on the study platforms. In addition to the censuses of birds stopping over on the
platforms, visual surveys of the airspace around platforms were used to assess the volume of flyby
migration traffic and to quantify the flight behavior of trans-Gulf migrants.



An important adjunct to our field work on the platforms was the remote observation of migration over the
Gulf using land-based radars. Radar operates by emitting a beam of radio waves into the atmosphere and
measuring the amount of energy reflected back to the radar unit by any “targets” in the beam’s path. The
strength of the radar reflection is partly a function of the targets’ size and density, and theoretical and
empirical models of radar cross section are available which permit one to estimate the density of migrants
based on radar reflectivity. The National Weather Service currently operates a national network of S-
band Doppler weather surveillance radars known as NEXRAD (Next Generation Radar), including 10
radar sites that provide a nearly complete observational network around the northern Gulf Coast from
Brownsville, Texas, to Key West, Florida. Radar reflectivity can be converted into migration traffic rates
using theoretical and empirical models of radar cross section provided that one has information
concerning the approximate size distribution of the radar scatterers, such as is available from the platform
observations.

Migration is profoundly influenced by the weather. To understand the influence of weather on trans-Gulf
migration and platform use, we developed a synoptic climatology to relate large-scale weather patterns
over the Gulf to variability in trans-Gulf migration and platform use. Our synoptic typecasting scheme
was a slight modification of systems previously developed for the northern Gulf Coast, and recognized
the following eight synoptic-scale weather types, which are hereafter indicated by their abbreviations in
boldface for easy recognition: 1) Gulf Front (GF); 2) East Coast Low (ELOW); 3) Midwest Continental
High (MCH); 4) Eastern Continental High (ECH); 5) Bermuda High (BH); 6) Gulf High (GH); 7)
Tropical Low (TLOW); and 8) Not Determined (ND). Weather over the Gulf during this study usually
followed a predictable cycle: As the center of an anticyclone drifted eastward across the continent and out
over the Atlantic Ocean, winds over the northern Gulf veered from NE (MCH) to E (ECH) and
eventually to SE (BH). Eventually a cyclone moved eastward and a front passed over the Gulf (GF)
bringing winds from the NW. Following frontal passage, winds over the Gulf were dominated by the
departing cyclone (ELOW) until a new anticyclone approached and the cycle repeated. Occasionally the
cycle was interrupted when the anticyclone drifted out over the Gulf (GH), usually resulting in light
winds over the northern Gulf. During the summer and fall, tropical weather systems (TLOW) often
developed in the Gulf or entered the Gulf from the east, usually bringing strong winds and foul weather.

Prior to this study, the conventional wisdom had been that spring trans-Gulf migration involves a roughly
straight-line, shortest-distance flight from the Yucatan Peninsula to the upper Gulf Coast. Our results
support parts of this scenario but also indicate that the situation is considerably more complex.
Backtracking from radar images and arrival times on platforms indicates that most spring migrants initiate
their flights from the Yucatan Peninsula and/or the northern coast of the Isthmus of Tehuantepec. Radar
and direct observational evidence indicates that most trans-Gulf migration takes place over the western
Gulf and suggests that the route of migrants is curvilinear and divergent, veering from a probable mean
heading of northwest at points of origin, to north off the south Texas coast, to northeast off the Upper
Texas Coast and Louisiana. Large flights are usually associated with Eastern Continental High (ECH) or
Bermuda High (BH) synoptic weather patterns, in which winds similarly veer clockwise around the
western Gulf. We therefore suggest that the route of trans-Gulf migrants is influenced by the availability
of tailwinds, with migrants attempting to minimize the time or energy expenditure required for crossing.

This hypothesis is strengthened by the finding that centers of offshore abundance as well as areas of
eventual landfall varied in concert with synoptic weather. On ECH days when winds typically had a
stronger westward component over the southern Gulf and often maintained a westward component over
the northern Gulf, migrants were most abundant on platforms in the far western Gulf and landfall was
usually along the Texas coast. In contrast, on BH days, when winds had a weaker westerly component
over the southern Gulf and usually an eastward component over the northern Gulf, peak offshore
abundance shifted eastward and landfall was more likely to take place farther east along the northern Gulf



Coast, occasionally as far as the Florida Panhandle. All available evidence indicates that the main
migration stream is at least partially “steered” by synoptic-scale winds.

In addition to being subject to geographic displacement via steering by synoptic winds, the migration
stream itself showed evidence of having a complex geographic structure. In at least several species of
warblers, females apparently take a more direct route across the Gulf, and males tend to take a more
westerly route. Species with different goals prefer to depart under different synoptic weather types.

The diel timing of spring trans-Gulf migration followed a predictable pattern that was evident both in
radar imagery and from direct visual observations on the platforms. Spring migration over the northern
Gulf began between early morning and early afternoon, peaked 3-4 h after first detection, and continued
until 7-12 h after first detection. Patterns of diel timing varied geographically and were related to
weather, again consistent with a strong synoptic steering influence on migration routes across the Gulf.

The bulk of spring trans-Gulf migration detected by radar occurred between March 25 and May 24, but
very large flights (>25 million migrants) occurred only in the 3-week period from April 22 to May 13.
Waterfowl and herons peaked by early April. Shorebirds had widely varying migration schedules, with
different species peaking as early as mid-March and as late as the end of May. Landbird migrants showed
peaks throughout the season, but a majority of species peaked in the second half of April. Theoretical
analyses of radar data yielded estimated total seasonal estimates of 316 million trans-Gulf migrants in
spring 1998 and 147 million trans-Gulf migrants in spring 1999. In both years, about two thirds of all
migrants made landfall west of South Marsh Island.

Radar-observed spring migration was characterized by a series of pulses and tended to be “all-or-
nothing”, i.e., either significant trans-Gulf migration was evident on radar or else it was essentially
entirely absent. Dramatic hiatuses in radar-observed migration were always associated with strong cold
fronts that penetrated deep into Mexico and set up persistent northerly winds over most of the Gulf.
Conversely, radar-observed migration peaks were almost strictly associated with ECH and BH days.

Fall trans-Gulf migration was more difficult to study because the extensive presence of aerial insects
precluded quantitative interpretation of radar imagery. In addition, one of the two field seasons was
partly compromised by prolonged absences from the platforms due to obligatory evacuations in response
to developing tropical weather systems. Nevertheless, we argue that the heaviest trans-Gulf migration
traffic in fall originates from the stretch of the northern Gulf Coast running eastward from Alabama.
Although we were constrained from sampling much of this area by the absence of platforms in the eastern
Gulf during the study period, our contention is supported by observed longitudinal trends in abundance
and age ratios. Southbound “fall” migrants were observed as early as May 20 and as late as January, but
the vast majority of the migration occurred from mid-August to early November. There seemed to be
several phases in the fall migration. During the early fall, migration by long-distance migrants appeared
to be obligate and was not strongly influenced by weather. Later in the fall, major trans-Gulf movements
of shorter-distance migrants were generally associated with cold fronts and northerly winds. Direct
observations at the eastern-most platform indicated that the direction of flight was most often due south
but varied from south-southwest to south-southeast. As with spring, variation in the direction of travel
was clearly influenced by wind.

We also detected considerable fall migration over the far western Gulf, where flight direction usually had
a westerly component. The western-Gulf route was used by a high proportion of juveniles, and appeared
to represent a risk-averse migration strategy favoring a shorter, less risky overwater flight leg at the
expense of a more circuitous overall migration route. We suspect that many of the adults traveling over
the western Gulf were individuals that reached the northeastern Gulf Coast with inadequate fat stores for a
direct trans-Gulf and worked their way westward along the coast, perhaps stopping over along the way.
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One of the interesting features of the fall migration offshore was the frequent occurrence of a variety of
species that do not typically winter south of the northern Gulf Coast. These species were evidently
mostly “overshoots” that inadvertently traveled past their intended destinations and found themselves
unexpectedly over water at first light, or else circum-Gulf migrants that inadvertently drifted eastward
over the Gulf during nocturnal flight. Accordingly, these species were often observed flying north or
west during daylight hours, presumably trying to get back to land.

The year-round observations on one platform indicated that northbound (“spring”) trans-Gulf migration
spans late January to early June, and southbound (“fall”’) trans-Gulf migration and overshooting spans
early July to early December. Surprisingly, we found that northbound and southbound migrations
overlapped temporally at the extremes: The latest southbound migrant recorded during the study
(Common Snipe) occurred on 28 January, and the earliest northbound migrant (Purple Martin) occurred
the following day. Southbound migration of Purple Martins began in late April and southbound shorebird
migration began in late May, well before the latest northbound migrant was recorded on 8 June (Northern
Waterthrush). Overwater movements during the brief interim periods between spring and fall migrations
(mid-December to mid-January, mid-June to early July) seemed to be dominated by herons traveling
along an east-west axis. The nature of these movements is currently unknown.

Death of migrants by starvation was fairly common in the spring. Dead birds in spring lacked any trace
of fat and had conspicuously protruding keels, indicating that they had begun to catabolize nonfat dry
body components prior to arrival on the platforms. Water consumption by trans-Gulf migrants was very
rare, indicating that water is not a limiting factor to trans-Gulf migrants.

Platforms have three primary proximate impacts on migrant birds: 1) they provide habitat for resting and
refueling; 2) they induce nocturnal circulations; and 3) they result in some mortality through collisions.

Platforms appeared to be suitable stopover habitats for most species, and most of the migrants that
stopped over on platforms probably benefited from their stay, particularly in spring. Many of these
migrants were able to feed successfully, and some appeared to achieve rates of mass gain that exceeded
what is typical in terrestrial habitats. Even the individuals that do not feed probably benefit
physiologically from the availability of the platforms. Migrants may be affected by sources of fatigue
other than total depletion of fat stores, such as excessive accumulation of lactic acid, failure of the nerve-
muscle junction, or upset of central nervous coordination. These types of fatigue may be eliminated by
simple rest. Many of the migrants that rested quietly on the platforms for hours to days were probably
recovering from such sources of fatigue.

Migrants used platforms in highly nonrandom ways and selected specific platform microhabitats (i.e.,
used alternative microhabitats nonrandomly), much in the same way that they select specific habitats
during terrestrial stopovers. Preferred platform microhabitats were species-specific and generally
consistent between spring and fall.

Platforms may facilitate the evolution of trans-Gulf migration strategies in certain species by providing
“steppingstones” that allow incipient migrants to cross the Gulf successfully via a series of shorter flights.
Cattle Egrets colonized eastern North America only in the last half-century, but have already become one
of the most common species on platforms. White-winged Doves and Eurasian Collared-Doves are
rapidly evolving trans-Gulf migration strategies in concert with population explosions and major range
expansions into the southeastern United States.

Peregrine Falcons are perhaps the most striking beneficiaries of platforms. This species, which formerly
was near extinction, underwent a dramatic population recovery that was temporally coincident with the
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period of fastest expansion of the platform archipelago in the Gulf. The majority of juveniles in the North
American population of this species now uses oil platforms in the northern Gulf during the fall for resting
and hunting. Their behavior and the similarity of ecological circumstances to the Mediterranean Sea,
where a related species has evolved a strategy of breeding on islands during the fall when abundant trans-
Mediterranean migrant landbird prey are available for provisioning young, suggests that Peregrine
Falcons might eventually establish a breeding population on the Gulf platform archipelago.

Migrants sometimes arrived at certain platforms shortly after nightfall and proceeded to circle those
platforms for variable periods ranging from minutes to hours. These circulations clearly occurred because
nocturnal migrants were attracted to platform lights, and tended to occur on overcast nights. It is believed
that circulations are maintained when birds get inside the cone of light surrounding the platform and are
reluctant to leave, seemingly becoming trapped by the surrounding “wall of darkness” and the loss of
visual cues to the horizon. Circulations put birds at risk for collision with the platform or with each other,
and result in non-useful expenditure of energy.

Collisions with platforms were most common in fall because most migrants were aloft over the platforms
during hours of darkness in that season. Available information suggests that the platform archipelago
may cause roughly 200,000 collision deaths per year, which is negligible compared to other
anthropogenic sources of mortality. However, several lines of evidence suggest that future development
of the eastern Gulf of Mexico may result in a disproportionately large increase in collision mortality in
fall trans-Gulf neotropical migrants.

We provide six specific recommendations for the Minerals Management Service and other parties
concerned with trans-Gulf migration and the impact of offshore oil and gas activities on birds:

1. Attention should be paid to the possibility of developing and maintaining a network
of decommissioned platforms as permanent “observatories” for long-term ecological
research. In addition to facilitating the long-term monitoring of migratory bird
populations, such observatories would permit studies of seabirds, insects, fishes,
meteorology, oceanography, and other subjects. Economic feasibility of such a
project would be made possible by cost-sharing among a wide variety of agencies
and organizations.

2. We suggest that the Minerals Management Service should consider implementing an
ongoing platform monitoring program in the eastern Gulf of Mexico as that area is
developed by the petroleum industry. Our findings suggest that the heaviest trans-
Gulf migration in fall emanates from the stretch of the northern Gulf Coast running
eastward from Alabama, and that neotropical migrants over the eastern Gulf may be
particularly vulnerable to collisions with platforms. The observer program operated
by the National Marine Fisheries Service to monitor catch and bycatch in commercial
fisheries may serve as a useful model for developing an analogous program to
monitor mortality (= “bycatch”) on eastern Gulf platforms.

3. The impact of nocturnal circulation events on both spring and fall trans-Gulf
migrants remains poorly known, and this phenomenon should be examined in a
focused observational study using night-vision optics and thermal imaging
equipment. The goals of such a study should be to quantify in greater detail the
dimensions of the circulation phenomenon, to try to determine why some platforms
often induce circulations and others never do, to assess the rate of turnover during
major circulation events, and to model the energetic impacts on migrants.



If fall collision mortality in the eastern Gulf proves to be significant or if results from
the study of circulations suggest that the adverse impacts of this phenomenon should
be addressed, experiments should be undertaken to evaluate the role of different color
schemes and lighting regimes in the attraction of migrants to platforms. Simple
changes in light signatures have resulted in dramatic reductions in avian attraction
and mortality at tall lighted structures on land, and would presumably be equally
effective at sea.

Production of a colorful informational brochure about trans-Gulf migration for
distribution to offshore workers and other people involved in the industry would be a
useful way to promote a wider awareness of the ecological importance of the Gulf,
and may be an incentive to platform workers to help maintain a safe environment for
avian visitors to platforms.

Biologists interested in the ecology and conservation of trans-Gulf migrants should
initiate outreach efforts to involve international colleagues in the development of a
network for information exchange concerning events in all geographic sectors of the
Gulf, since trans-Gulf migration occurs over waters subject to hydrocarbon
development governed by other nations (Mexico, Cuba).
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Chapter 2

Introduction

Robert W. Russell

2.1 BACKGROUND AND OBJECTIVES

Each spring, vast numbers of landbirds migrate northward across the Gulf of Mexico en route to breeding
habitats in the United States and Canada from their wintering quarters in the neotropics. Following a
short breeding season in the north, most of these birds return southward across the Gulf, their numbers
then augmented by offspring produced over the summer. From the standpoint of sheer numbers, these
annual trans-Gulf migrations constitute one of the great wildlife events of the world. Nevertheless, many
basic aspects of the migrations have remained poorly known until now; indeed, until the 1950s, the very
idea that birds routinely and “intentionally” migrate across the Gulf was treated with skepticism by some
respected scientists (e.g., Williams 1945, 1947, 1952).

Scholarly studies of the trans-Gulf flights — based largely on indirect evidence and coastal observations
— were initiated in the 1940s by George Lowery (1945, 1946, 1951) at Louisiana State University.
Those early studies, together with subsequent work by Lowery’s students and colleagues (e.g., Buskirk
1968; Hebrard 1971; Gauthreaux 1971, 1972; Able 1972), have until now remained the basis for our
understanding of trans-Gulf migration.

Radar studies have indicated that the flight pathway of the majority of trans-Gulf migrants in spring is
directed toward the coasts of Louisiana and Texas (Gauthreaux 1970, 1971, 1992), and thus over Gulf
waters in which are located the majority of offshore oil and gas production facilities. Offshore platforms,
which house production equipment and living quarters for personnel, have played a central role in the
development of oil and gas resources in the Gulf of Mexico. The history of offshore platforms in the Gulf
has been short but dynamic. The first offshore platform was installed in the Gulf of Mexico in 1947. The
first multi-platform complex was installed in 1960. By 1974, 800 platforms had been installed in the
Gulf. As the number of platforms grew, so did the geographic extent of their distribution offshore. Fixed
platform installation depth reached 30 m in 1955, 60 m in 1962, and 300 m in 1978. Production began in
waters exceeding 600 m in 1984, and in waters exceeding 1500 m in 1997. The thousands of platforms
now located on the continental shelf of the northern Gulf of Mexico make up the largest artificial island
system in the world.

One of the most important components of birds’ migration strategies is their use of local habitats for
resting and refueling while en route. In light of the absence of natural islands or other terrestrial habitats
during crossings of the Gulf of Mexico, it seems inevitable that the installation of thousands of artificial
islands in the northern Gulf must affect migrants in some fashion. However, to date, no systematic
studies had examined the influence of Gulf platforms on trans-Gulf migrating birds.

Beginning in spring 1998, interactions between migrating birds and offshore platforms were investigated
by personnel at Louisiana State University, initially based at the Museum of Natural Science and later at
the School of the Coast and Environment. This study, funded by the Minerals Management Service
(MMS) through a cooperative agreement with the LSU Coastal Marine Institute, had the support of
several major oil companies (British Petroleum, ChevronTexaco, ConocoPhillips, ExxonMobil, Newfield
Exploration, and Shell Offshore).



The MMS is a bureau within the Department of the Interior that supports marine environmental studies as
part of its mission to gather technical information for management decisions concerning mineral
resources on the continental shelf. The long-term survival of migratory birds is of considerable concern
to the Department of the Interior. Long-term monitoring of populations in the eastern United States has
suggested that major declines of some forest-dwelling species may be underway (e.g., Robbins et al.
1989; Terborgh 1989; Askins et al. 1990; Hill and Hagan 1991; Peterjohn et al. 1995). Because
neotropical migrants comprise a large percentage of these breeding birds, a widespread decline in their
numbers could seriously reduce the biodiversity of eastern and central North America. Most neotropical
migrants travel across the Gulf of Mexico during the spring and/or fall, so documenting the possible
influences of offshore platforms on their migrations is an important prerequisite for the development of
long-term conservation strategies (Faaborg 2002).

The objectives of this study were to quantify spring and fall trans-Gulf migrations and to evaluate the
influence of offshore platforms on trans-Gulf migrating birds. In particular, this study sought to address
the following broad questions:

1. Which species are trans-Gulf migrants?
2. Are there specific migration routes across the Gulf of Mexico?

3. When do migrants use platforms for stopovers, and how does the timing of platform
use relate to the seasonal and diel timing of trans-Gulf migration as well as weather?

4. How many individual migrants use platforms for stopovers, and how are the numbers
of migrants using platforms related to total trans-Gulf migration traffic aloft?

5. What is the condition of migrating birds that stop on platforms, and what factors
determine how long they stay?

6. During stopovers, do migrants use platforms in predictable ways?

7. How many migrants that stop on platforms depart successfully versus die there, and
why do some birds die?

2.2 SELECTION OF STUDY PLATFORMS

We sought to select platforms for study that were representative of the population of platforms at large,
with respect to both structure and geography.

A production platform consists of two major components: an underwater support structure and an above-
water production system. The production system comprises a deck or series of decks accommodating
production equipment, control buildings, and living quarters. The most commonly used type of
production platform in the northern Gulf of Mexico is the fixed-leg platform, which is supported by a
rigid metal jacket that is attached to the sea floor with piles. All platforms used in this study (Table 2.1,
Figure 2.1) are fixed-leg platforms except Viosca Knoll 786 (“Petronius”), which is a compliant tower.
Compliant towers differ from fixed platforms in that the underwater support structure is not a rigid jacket
but rather a narrow, flexible tower that can move horizontally and thereby withstand stronger forces of
wind and current that are of greater concern in deep water.

Platforms may be categorized into “major structures” and “minor structures.” Major structures include
traditional fixed-leg platforms as well as more recent innovations such as compliant towers, tension leg
platforms, and spars. Minor structures are defined here to comprise caissons and well protectors. All
platforms used in this study were necessarily major structures; we were unable to include minor structures
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in the study because of the lack of housing facilities and other support on those structures. Opportunistic
visits to minor structures suggested that they are also used by migrating birds and that most of the
findings reported here are also applicable to minor structures, albeit on a smaller scale.

At the conclusion of this study, there were 3881 production platforms in the U.S. Gulf of Mexico,
including 2125 major structures (1762 in the Central Planning Area and 363 in the Western Planning
Area) and 1756 minor structures (1591 in the Central Planning Area and 165 in the Western Planning
Area). The selection of platforms used in this study covered the entire longitudinal range of the platform
archipelago (Figure 2.1).

A number of characteristics of platforms were considered to be potentially important factors influencing
their use by migrants, but because of the relatively small number of platforms we were able to sample, it
was not possible to incorporate all factors into a rigorously blocked study design. Consequently, it is
necessary to consider the possible impact of these factors on a platform-specific basis.

One potentially important factor is the distance of a platform to the nearest shore. We expected that tired
spring migrants might be more likely to use the first platforms they encounter during northbound flight
across the Gulf, i.e., platforms farthest from the northern Gulf Coast. Similarly, we expected that spring
migrants might be less likely to use platforms very close to shore since natural habitats would often be
visible to an airborne migrant over such platforms. Our study platforms vary in distance to nearest shore
from 8-204 km. Land is visible to the human eye in appropriate atmospheric conditions from only three
of our platforms (PL10, M1622, SP89).
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Table 2.1.

Platforms used in this study

Block/Platform Location Water Depth

Host Company Abbreviation Name (lat N, long W) (feet) Year Installed

Shell PNO975 North Padre Island 975-A 26°49°58”, 156 1987
96°56°24”

BP Amoco MI622 Matagorda Island 622-C 28°06°06”, 83 1983
96°22°52”

Newfield HI561 High Island 561-A 27°58°54”, 255 1978
94°30°20”

Texaco GB189 Garden Banks 189-A 27°46°43, 720 1991
93°18’34”’

Exxon VR265 Vermilion 265-A 28°30°45”, 165 1971
92°27°04”

Newfield SM147 South Marsh Island 147-A 28°13°40”, 235 1990
92°00°60”

Phillips SM66 South Marsh Island 66-C 28°38°48”, 129 1967
91°56°15”

Mobil GC18 Green Canyon 18-A 27°56°37”, 750 1986
91°01°45”

Mobil PL10 South Pelto 10-B 28°56°53”, 35 1979
90°43°25”

BP Amoco EW826 Ewing Bank 826-A 28°09°48”, 483 1988
90°21°31”

Exxon SP89 South Pass 89-B 28°40°50”, 400 1982
89°23°15”

Texaco VK786 Viosca Knoll 786 (“Petronius”) 29°13°44>, 1754 1998

87°46°55”
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Figure 2.1. Map showing the locations of platforms used in this study (large red circles) relative to the
distribution of all platforms in the northern Gulf (small yellow circles).

Another potentially important factor is the density of neighboring platforms in waters surrounding a study
platform. The zone of airspace that is closer to a particular platform than to any neighboring platform
may be termed the platform’s “hinterland” (cf. Cairns 1989). The hinterland is important because it may
determine the source population of airborne migrants from which a platform may draw. The extent of the
hinterlands of our study platforms varies greatly, with some platforms being extremely isolated and others
being embedded within extensive platform “metropolises” (Figure 2.2).

Another potentially important factor is whether a platform is part of a complex. A “platform complex™ is
defined here as a group of platform structures connected by walkways. Three of our study platforms
(PL10, VR265, M1622) are actually multi-platform complexes.

Another potentially important factor is whether a platform flares gas (i.e., has an active flame). Flaring is
potentially important because some previous reports have suggested that nocturnal migrants may be
attracted to and/or burned in gas flares (e.g., Davies 1940; Sage 1979; Bjorges 1987). Only two of our
platforms (SP89, VR265) routinely flared gas during the study.

Distance from shore, extent of isolation, status as a complex, and occurrence of flaring on our study
platforms are summarized in Table 2.2.
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Figure 2.2. Relative isolation of the study platforms. The figure shows the number of
platforms located within a given radius of each platform as a function of

radius.

Table 2.2.

Selected characteristics of the study platforms

The table shows the distance to the nearest shoreline, degree of isolation of the

platform (categorized in three arbitrary levels; see Figure 2.2), whether the platform
is actually a complex of platforms, and whether the platform flared gas (i.e., had an
active flame) during the study.

Platform Distance to Isolation Platform Flaring?
Nearest Shore Category Complex?
(km)
VK786 145 isolated no no
SP89 23 moderate no yes
EWS826 87 isolated no no
GC18 154 isolated no no
PL10 8 crowded yes no
SM66 92 crowded no no
SM147 127 crowded' no no
VR265 116 crowded yes yes
GB189 204 isolated no no
HI561 134 moderate no no
MI622 24 crowded yes no
PN975 48 isolated no no

"However, there are virtually no platforms to the south of SM147.
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2.3 SUMMARY OF FIELD OPERATIONS

Standardized field work was conducted during five migration seasons from spring 1998 through spring
2000 (Table 2.3). In spring 1998, five platforms were staffed continuously from mid-March through mid-
May with no interruptions. SM147 was substituted for SM66 beginning in fall 1998 due to extensive
maintenance activity on SM66. In fall 1998, five platforms were staffed from mid-August through mid-
November, but much of September was unfortunately lost to hurricane evacuations. GC18 was
substituted for PL10 beginning in spring 1999 due to the sale of the latter by Mobil to Vastar and the
unwillingness of Vastar to permit us to continue working on PL10. In spring 1999, five platforms were
staffed from late March through early May, with interruption only at GC18 for less than a week due to a
contingency on the platform.

The study was expanded considerably in temporal and geographical scope beginning in fall 1999, when
ten platforms were staffed from early August through mid-November. A few interruptions of <10 days
resulted from hurricane evacuations, availability of personnel, and a family emergency. VK786 was
unavailable in spring 2000 due to construction activity, and nine platforms were staffed from early March
through late May, with only three interruptions of less than a week caused by illness, a family emergency,
and a staffing limitation.

In addition to the standard field program, GC18 was staffed during the winter of 1999-2000

(November 18-December 16, January 6-February 29) and during the summer of 2000 (June 1-August 1).
During the fall of 2000, specialized studies of migratory orientation and foraging behavior were
conducted on PN975, M1622, and Main Pass 252-A (MP252, also known as “Bud”; 29°21°39”N,
87°53°09”W).
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Table 2.3.

Summary of field effort (inclusive dates of field work)

Platforms are listed in order from east to west.

Platform Spring 1998 Fall 1998 Spring 1999 Fall 1999 Spring 2000
VK786 - - - Aug 11-Oct 14, -
Oct 16-Nov 16
SP89 - - - Aug 4-Oct 20, Mar 7-May 31
Oct 27-Nov 17
EWS826 Mar 15-May 14 Aug 13-31, Mar 18-May 13 Aug 5-Sept 19, Mar 9-May 25
Sept 15-16, Sept 23-Nov 18
Sept 22-25,
Oct 1-Nov 9
PL10 Mar 16-May 15 Aug 14-31, - - ---
Sept 7-8, 15-16,
Sept 22-24,
Oct 2-Nov 1
GC18 - - Mar 18-20, Aug 4-Nov 17 Mar 7-May 31
Mar 26-May 13
SM66 Mar 13-May 14 --- - - ---
SM147 --- Aug 14-31, Sept 5-| Mar 18-May 12 Aug 4-Sept 8, Mar 8-May 10,
17, Sept 18-Nov 16 May 17-31
Sept 21-25,
Oct 1-Nov 13
VR265 Mar 13-May 12 Aug 14-Sep 1, Mar 18-May 13 Aug 4-Nov 16 Mar 7-May 29
Sept 4-16,
Sept 21-26,
Oct 1-Nov 17
GB189 Mar 13-May 15 Aug 15-31, Mar 19-May 12 Aug 4-21, Mar 7-May 27
Sept 3-8,13-16, Aug 24-Nov 17
Sept 21-24,
Oct 1-Nov 14
HI561 - - - Aug 5-Sept 8, Mar 9-May 30
Sept 15-Oct 21,
Oct 28-Nov 17
MI622 - --- - Aug 4-20, Mar 9-17,
Aug 25-Nov 17 | Mar 20-May 31
PNO75 - --- - Aug 6-21, Mar 9-31,
Aug 25-Sept 15, Apr 7-May 31
Sept 25-Nov 17
Total 310 363 277 998 738
platform-
days
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Chapter 3

Field Methods

Robert W. Russell

3.1 PLATFORM CENSUSES

The basic field protocol consisted of a standardized, time-designated census conducted by an observer
while walking around the platform on a prescribed route. The goal of this “platform census” (PC) was to
locate, count, and identify all living birds on the platform at different times during the day. The platform
census was repeated identically throughout the day from pre-dawn to post-sunset, allowing us to
determine when birds arrived and when they left. When we detected a migrant, we identified it to species
and when possible age and sex; we assessed its likely body condition based on factors such as alertness,
wariness, vigor, and apparent thermal stress; and we recorded details of its behavior.

This repetitive and highly standardized monitoring scheme permitted us to develop detailed longitudinal
case histories for nearly all individuals that undertook extended stopovers on the study platforms.
Whenever possible, we attempted to track the stopover of each bird, relying on distinctive plumage
characteristics, individual behavioral idiosyncrasies, and sheer hard work when many birds of a given
species were present. Nevertheless, it was sometimes impossible to keep track of individual birds when
more than two individuals of a given species were present on the platform simultaneously; consequently,
our data on stopover durations are slightly biased toward birds that arrived on the platforms during
periods of relatively low migration traffic.

3.2 FLIGHT CENSUSES

The platform censuses were intended to provide information on platform use by migrants. Because not
all incoming migrants landed on platforms, it was important to obtain independent information on
incoming migration traffic. Thus, in addition to the platform censuses, we conducted several time-
designated surveys from a fixed point of the airspace over and around the platform. These flight censuses
were conducted from a south-facing site during the spring and from a north-facing site during the fall.
During flight censuses, observers attempted to locate, count, identify, and follow all visible flying
migrants. When we detected a bird in flight, we recorded its flight altitude, ascertained whether or not it
approached or attempted to use the platform, and recorded its vanishing bearing (see below for details).

3.3 CENSUS SCHEDULES

In spring, the platform census was repeated identically six times at equally spaced intervals throughout
the day from pre-dawn to post-sunset (Table 3.1). The start of PCO was about nine hours after the
expected time of departure of migrants from the Yucatan Peninsula (taken to be the midpoint between the
end of evening civil twilight and the end of nautical twilight; Hebrard 1971), and the conclusion of PC5
was about 25 hours after the expected time of departure from the Yucatan. Flight censuses were
conducted in late morning and late afternoon to discern between early and late flights; the midday flight
census (FCm) was added to the schedule starting in spring 1999. The seawatch census (SEA) was
conducted as part of an ancillary study to quantify seabird occurrence in waters surrounding platforms,
but data on trans-Gulf migrants were recorded in a fashion identical to the flight censuses. In spring 2000
on GB189 only, we conducted an additional “circulation census” for an hour beginning at the end of
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evening astronomical twilight to attempt to quantify the nocturnal circulation phenomenon
(described in Chapter 16).

Table 3.1.

Schedule of daily field operations in the spring

Census Designation Time (CST)
Platform census 0 (PCO0): 04:00-05:00
Platform census 1(PC1): 07:00-08:00
Seawatch census (SEA): 08:00-08:30
Flight census 1 (FC1): 09:30-10:00
Platform census 2 (PC2): 10:00-11:00
Midday flight census (FCm): 12:30-13:00
Platform census 3 (PC3): 13:00-14:00
Flight census 2 (FC2): 15:30-16:00
Platform census 4 (PC4): 16:00-17:00
Platform census 5 (PC5): 19:00-20:00

The schedule during the fall (Table 3.2) was modified to account for the expectation that most trans-Gulf
migrants would be aloft over the platforms at night, and the consequent expectation that rapid changes in
ambient light conditions would be important events for migrants. Because of the longer duration of the
fall field season and an expectation that transitions in lighting would figure more importantly during the
fall, the fall schedule was tied directly to astronomical benchmarks. Thus, the precise clock timing of
censuses varied from platform to platform and over the course of the season. The first platform census
(PC1) ended at the beginning of morning civil twilight and was intended to quantify the use of platforms
at night, since departures were unexpected before morning civil twilight. Subsequent censuses were
keyed to sunrise or sunset to facilitate meaningful comparisons among platforms and over the long
season. Platform census 4 (PC4) had to be conducted at a fixed time in order to permit observers on all
platforms to attend dinner over the entire course of the season. Flight censuses were conducted beginning
one hour after sunrise, three hours after sunrise, and five hours after sunrise to attempt to quantify the
timing of arrival of diurnal migrants that were expected to depart the northern Gulf Coast at first light. A
final flight census was conducted at sunset to attempt to document diurnal migrants that might descend to
the platforms at nightfall.

18



Table 3.2.
Schedule of daily field operations in the fall

BMCT = beginning of morning civil twilight; SR = sunrise;

SS=sunset.

Census Designation Time (CST)
Predawn census (PC1): BMCT-1 - BMCT
Sunrise census (PC2): SR - SR+1
Flight census 1 (FC1): SR+1 - SR+1.5
Seabird census (SEA): SR+1.5 - SR+2
Platform census 3 (PC3): SR+2 » SR+3
Flight census 2 (FC2): SR+3 - SR+3.5
Flight census 3 (FC3): SR+5 - SR+5.5
Platform census 4 (PC4): 14:00-15:00
Sunset census (PC5): SS-1 5SS
Flight census 4 (FC4): SS - SS+0.5
Night census (PC6): SS+0.5 - SS+1.5

3.4 OPPORTUNISTIC WORK

Flight directional information and general behavioral notes were also recorded opportunistically
throughout the day between formal platform censuses.

In addition to censusing live migrants, we salvaged dead birds under a U.S. Fish and Wildlife Service
permit to the Louisiana State University Museum of Natural Science. Specimens were frozen on the
platforms until transferred ashore for preparation as voucher specimens for the Museum’s permanent
collections. Tissue samples of selected species were obtained and deposited in the Museum’s genetic
resources collection, where available to qualified researchers for molecular systematics studies.
Additional tissue samples were provided to Mr. Donald Norman for comparative ecotoxicological studies
of organochlorine residues in spring versus fall migrants.

3.5 DATA RECORDING

3.5.1 Local Weather

Local ambient weather was characterized at the beginning of each census on each platform using the
following schemes.

Overall weather was assigned to one of the following categories:

CP = convective precipitation (e.g., thunderstorms, heavy rain, intermittent heavy rain)
SP = stratiform precipitation (e.g., continuous drizzle with low cloud deck)

F = fog

S =clear (< 25% cloud cover)

PC = partly cloudy (25% < cloud cover < 75%)

O = overcast (= 75% cloud cover)
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Visibility was estimated on a logarithmic scale:

4= >10 km

3= 1-10 km
2= 100m- 1 km
1= 10-100 m
0=<I0m

When an accurate anemometer was available, precise measurements of wind speed were taken.
Otherwise, wind speed was assessed using the Beaufort scale (Table 3.3).

Table 3.3.

Beaufort scale

Beaufort |Wind Speed|Wind Speed| Description of Wind Sea State
Force (knots) km-h-1

0 <1 <1 Calm Sea like a mirror

1 1-3 1-5 Light air Ripples only, no foam crests

2 4-6 6-11 Light breeze Small wavelets (0.2 m); crests do not break, and
have a glassy appearance

3 7-10 12-19 Gentle breeze Large wavelets (0.6 m); crests begin to break,
perhaps scattered white horses.

4 11-16 20-29 Moderate breeze Small waves (1 m), fairly frequent white horses

17-21 30-39 Fresh breeze Moderate waves (1.8 m), many white horses

6 22-27 40-50 Strong breeze Large waves (3 m), white foam crests; probably
some spray

7 28-33 51-61 Near gale Mounting sea (4 m) with white foam blown in
streaks downwind

8 34-40 62-74 Gale Moderately high waves (5.5 m), crests break
into spindrift

9 41-47 76-87 Strong gale High waves (7 m), dense foam, visibility
affected

10 48-55 88-102 Storm Very high waves (9 m), heavy sea roll, visibility
impaired; surface generally white

11 56-63 103-118 Violent storm Exceptionally high waves (11 m), visibility poor

12 64+ 119+ Hurricane Massive waves (14 m), air filled with foam and
spray, visibility bad

3.5.2 Body Condition of Migrants

The apparent physical condition of a migrant during each encounter was assessed using the following
scheme:

Migrants were classified as “alive and vigorous” (AV) if they appeared healthy, wary, and vigorous, and
exhibited behaviors typical for the species. As a rule of thumb, a bird was assigned to this category if it
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flushed (flew away) before being approached to within 3 m, or if it spent a good deal of time
(>10%) flying around the platform.

Migrants were classified as “alive but tired” (AT) if they were obviously tired. Birds observed sleeping
during the day were usually assigned to this category, as were active birds that appeared moderately
disheveled from physical exertion. Birds in this category usually flew readily and easily before being
approached to within 3 m (if they were awake).

Migrants were classified as “alive but exhausted” (AE) if they exhibited signs of energetic distress, such
as lethargy, extreme feather-fluffing, or a noticeably disheveled appearance. As a rule of thumb, a bird
was assigned to this category if it could be approached while awake to within 3 m before flying or
hopping away.

Migrants were classified as “moribund” (M) if they were alive but could be picked up without resistance,
or if they otherwise appeared to be injured or severely emaciated.

3.5.3 Foraging Behavior

Upon each observation, an individual migrant was classified into one of three categories according to
foraging behavior:

0 = Did not appear to be looking for food
1 = Appeared to be looking actively for food
2 = Successfully obtained food

If a migrant was ever observed foraging during the course of its stopover, then for the purposes of
statistical analysis its foraging status was considered to be positive (i.e., it foraged); if the migrant was
never observed foraging, then its foraging status was considered to be negative (i.e., it did not forage).
We classified foraging success using similar reasoning. If a migrant was ever observed to obtain food,
then it was classified as a successful forager; if it foraged but was never observed to obtain food, then it
was classified as an unsuccessful forager.

Drinking behavior was categorized similarly. If a migrant was ever observed drinking during the course
of its stopover, then its drinking status was positive; otherwise, its drinking status was negative.

3.5.4 Microhabitat Use

Based on initial observations that migrants appeared to be selecting specific “habitats” on the platforms,
we expanded the observational program to include microhabitat use beginning in fall 1999. Microhabitat
use was assessed using the following scheme, which incorporates both physical structure and how the
birds use the structure:

Exposed Perch (EP): Pipe rails, antennas, communication towers, flare booms, building roofs, helipad
edges, cranes, edges or peaks of open equipment such as machinery or tanks. Birds used EP habitats to
rest and sleep on and to forage from.

Open Deck (OD): Ordinary steel decks, woods decks, flat building roofs, and helipad decks. Birds used
OD habitats to rest, sleep, and forage on. Birds were assigned to this habitat if they were spending most
of their time on the deck; for example, a bird that flew down from a railing to grab a moth from the deck
would be assigned EP habitat, not OD.
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Grating (GG): Open grating composing decks, sections of decks, and stairs, and sometimes

functioning as both deck and ceiling. Birds used GG habitats to rest and sleep on and to forage in,
under, and over. On parts of the platforms squares of grating are interspersed with squares of open deck.
If a bird were just hopping around indiscriminately, it was generally assigned OD habitat; however, if it
engaged in probing in and around the grating, then it was assigned GG habitat.

Low Cover (LC): Piles of grating, pipe, or rope; spools of wire, cable, or hose; boxes, machinery, tanks,
and piping. Substrates composing LC habitat may extend from the deck up to a substantial height (~5 m),
but this habitat specifically excludes the beams and large pipes running underneath but close to other
floors or decks (which constitute HC habitat). Birds used LC habitats to rest, sleep, and forage in. Birds
often loitered around low cover but hopped out onto the deck as well. If they seemed to be centered in the
cover, occasionally venturing out from it, then they were assigned LC habitat; if they were in the cover
primarily when disturbed, then they were assigned OD habitat.

High Cover (HC): Beams and pipes running just below overhead decks and ceilings. Birds used HC
habitats primarily for resting and sleeping, and sometimes for foraging. Most birds assigned HC habitat
were sitting on the lips of high beams.

Trapped (TR): Overhead beams or grating, sheds, warechouses, and breezeways. Birds assigned to TR
“habitat” were trapped and unable to escape, at least temporarily; they generally showed distress, trying to
escape or resting between efforts to escape. On some platforms, the well bay was especially likely to trap
birds during darkness.

We recorded the habitat of an individual migrant when it was first detected on the platform (“initial
habitat”) and when it was observed for the second time (“second habitat™). In addition, we assigned a
“usual habitat” to longer-staying individuals; this was a subjective assessment based on repeated
experience with an individual over the course of its stopover.

3.5.5 Cause of Death

When a dead migrant was discovered or a death was observed directly, the cause of death was assigned to
one of the following categories:

Starvation: Starvation victims were evident by the protruding keel and vestigial quantities of breast
muscle.

Predation: The principal predators of migrants were Peregrine Falcons (Falco peregrinus), Merlins
(Falco columbarius), American Kestrels (Falco sparverius), Sharp-shinned Hawks (Accipiter striatus),
Loggerhead Shrikes (Lanius ludovicianus), and Laughing Gulls (Larus atricilla).

Collision: Collision victims were typically found below tall structures such as flare booms,
communication towers, cranes, drill derricks, tanks, helipads, and platform legs. Indications of trauma
were usually evident (external bleeding, blood in mouth, feathers missing, broken neck).

Drowning: Exhausted migrants in flight were sometimes observed splashing in the water and drowning
as a result.

Oiling: Birds discovered dead with >10% of plumage fouled by oil were assigned to this category,

although the precise cause of death (ingestion, insulation failure, etc.) was usually impossible to
determine.
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Burning: Birds burned in gas flares had obviously singed plumage.

Air Intake Fans: Birds attempting to pass through compressor fans and generator fans were often
decapitated and either became lodged within the fans or else fell directly below the fans.

Entrapment: Birds sometimes got their legs or toes caught in tight spaces between grating squares and
subsequently died of exposure or starvation. Birds landing in a strong wind evidently could get blown
over and have their head caught in grating slats, and subsequently die from cervical dislocation or
exposure.

Poisoning: Birds observed consuming toxic chemicals and later found dead with no other evident cause
of death were assumed to have been poisoned.

Workers: Platform workers sometimes inadvertently killed tired or naive birds by sitting on them,
kicking them, or stepping on them.

Unknown: Occasional fat individuals were found dead with no signs of trauma, oiling, or other problems.
Some of these individuals probably died from ingestion of toxic materials, but we were unable to assign a
cause of death with confidence.

3.5.6 Flight Behavior

General flight behavior of birds passing by the platform without landing (“flybys”) was characterized as
follows:

F = Flew by without approaching or attempting to land on the platform.

A = Approached the platform by deviating from a straight course, but did not land.

CR =“Cruising”. This category was applicable for individuals that never landed but that
associated with the platform in a more persistent way than could accommodated
under the “Approached” category. CR was generally used only for aerial
insectivores (swallows, swifts, nighthawks) and raptors that appeared to be foraging
around the platforms.

Flight altitude (above sea level) was estimated using the following scale:

4 = >500 m (difficult to see with binoculars)

3 = >100 m (easily overlooked with naked eye)
2= 10-100 m

1=1-10m

0 = skimming the sea surface (<1 m)

Vanishing bearings of flybys were recorded on a 16-point scale (N, NNE, NE, ENE, etc.). To minimize
parallax error, we followed all flybys for as long as possible with binoculars, and recorded the vanishing
bearings when the birds disappeared from view.

In addition to the flybys, we recorded flight directions of all migrants observed arriving on or departing
from the platforms. Arrival bearings were recorded only for birds arriving directly from over the water
and initially detected far enough out that a bearing could be determined with a reasonable degree of
confidence.
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Chapter 4

Radar Methods

Robert W. Russell and Sidney A. Gauthreaux, Jr.

4.1 INTRODUCTION
(by Robert W. Russell)

An important adjunct to our field work on the platforms was the remote observation of migration over the
Gulf using land-based radars. Radar (RAdio Detection And Ranging) operates by transmitting a radio
signal into the atmosphere. If there are objects in the path of the radio beam, the beam is scattered and
part of the energy is reflected back to the radar site, where a wide-dish antenna captures the signals and
sends them through a receiver for processing. The amount of energy returned to the receiver is partly a
function of the targets’ size and density. Theoretical and empirical models of radar cross section are
available which permit one to estimate the density of migrants based on returned energy (Wilson et al.
1994; Russell and Wilson 1997). Thus, radar can ideally provide both large-scale distributional
information as well as quantitative measures of the local abundance of bird and insect migrants. Doppler
radars have the additional capability of being able to determine the radial component of the velocity of
targets by measuring frequency shifts in the reflected signal caused by the targets’ motion.

The National Weather Service operates a national network of modern WSR-88D Doppler weather
surveillance radars known as NEXRAD (Next Generation Radar), which operate at a wavelength of 10.5
cm (S-band) with a beamwidth of 0.96° and a peak power output of 750 kW. Currently there are 10
NEXRAD radars in operation at sites around the Gulf Coast, providing a nearly complete observational
network stretching from Brownsville, Texas, to Key West, Florida. We opportunistically accessed high-
resolution, near-real-time radar imagery via the internet at <http://www.intellicast.com> and at
<http://www.weathertap.com>. The near-real-time imagery was used to focus observational effort in the
field and to determine large-scale geographic patterns of migration. In addition, the raw data products
from two NEXRAD sites were downloaded to optical disk under an MMS subcontract to Dr. Sidney
Gauthreaux at Clemson University (see Chapter 4.3). These raw data were used to analyze the timing of
migration and to estimate the abundance of migrants involved in the trans-Gulf migrations.

4.2 RADAR THEORY
(by Robert W. Russell)

Radar operates by emitting a beam of radio waves into the atmosphere and measuring the amount of
power reflected back to the radar unit by any “targets” in the beam’s path. The radar equation expresses
average returned power (P,) as a function of distance to the targets (r) and the total reflectivity of the
targets:

[ — , (4.1)

where C is a constant that depends on characteristics of the radar unit (wavelength [A], peak transmitted
power, antenna gain, beam width, and pulse length), K is a parameter dependent on the complex index of
refraction, and Z is the “reflectivity factor.” The value of |K|* is 0.93 for water. Assuming that the radar
targets are spherical particles with diameter D; such that D;/A < 0.1 (i.e., under the “Rayleigh
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approximation”), Z is defined as the summation over a unit volume of the particle diameters raised
to the sixth power:

Z =X DS (4.2)

vol

If the particle size distribution is known, then by measuring P, and r, one can use equations 4.1 and 4.2 to
calculate the target density.

When the Rayleigh approximation is not applicable or if it is not known whether it is applicable, Z is
written as Z. (the effective reflectivity factor) and the size of a target must be characterized instead by its
radar cross section. Radar cross section is a measure of a target’s backscattering efficiency, and therefore
describes the size of a target as “seen” by radar. More formally, radar cross section is defined as “the area
of a [hypothetical] target that reflects back isotropically and would have caused the same return power as
the original [i.e., actual] target” (Levanon 1988). Z. can be expressed in terms of the volume reflectivity

(n):
Z. = e , (4.3)

where 1) is defined as the summation of the radar cross sections (o; ) of all the scatterers in a unit volume
of space scanned by radar:

n ==z o (4.4)

vol

The reflectivity factor Z. has units of mm®-m~. By convention, reflectivity factors are usually reported in
the logarithmic form (dBZ.), where

dBZ. =10 - log 10 Ze. 4.5)
For the NEXRAD radars used in this study (A = 10.5 cm), equation 4.3 can be rewritten as:
n=234-7Z, (4.6)

where 1 has units of cm®-km™. The volume density of bird migration can be calculated directly from
equation 4.6 if the radar cross section of the bird targets is known, and the flux of migration

can then be calculated from the measured air speed (S) of the migrants. Assuming an average cross
section of o (units = cm?), migration flux can be estimated by:

433-7Z.-S
flux = -—-mmmemmemeeee , 4.7

Ox

where S is given in knots (the standard unit reported in NEXRAD data) and flux has units of birds
km?h.

Unfortunately, the radar cross section of a real target generally does not coincide with its actual physical
area. Cross sections of targets with regular geometric forms can be calculated from theoretical equations
(Ruck et al. 1970). In practice, however, cross sections of biological organisms (which have very
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complex morphologies) must be determined empirically, and relatively few such empirical
determinations have been made.

Russell and Wilson (1997) analyzed all available literature data on radar cross sections of arthropods and
birds (almost all obtained with X-band radars) and found a biphasic relationship, with species having
body length <10 mm (microinsects) showing a stronger pattern of mass-dependence of their cross
sections than longer species (macroinsects and birds). The best-fitting model relating X-band radar cross
section to body length (L, units = mm) and to wet body mass (M, units = g) was:

c =¢ "M (L < 10) (4.8)
c ="M (L > 10) (4.9)

To be useful for analysis, the X-band cross sections predicted by this empirical model must be scaled to
S-band cross sections as would be observed by NEXRAD radars. Complicating matters, the relationship
between radar cross section and actual target size varies with the radar wavelength (), with the form of
this relationship depending on the ratio of A to target size. In the Rayleigh scattering region (L/A < 0.1),
cross section is inversely proportional to the fourth power of radar wavelength:

o« N (4.10)

This relationship obtains because targets that are small compared to the radar wavelength scatter energy
nearly isotropically. In contrast, larger targets scatter energy in a more directive pattern, often scattering
considerably more energy in the forward direction rather than back toward the radar. This is called Mie
scattering and results in a complicated radar return that shows large fluctuations and no simple
wavelength dependence (Skolnik 1962; Konrad et al. 1968).

In the Rayleigh region, scattering cross section varies approximately with the square of the target’s mass.
Microinsects approximated this pattern of mass-dependence and can thus be characterized as Rayleigh
scatterers. However, longer organisms show a much weaker pattern of mass-dependence and clearly fall
into the Mie scattering region, so Rayleigh scaling cannot be applied to birds. Instead, wavelength-
dependency of birds’ cross sections was estimated to be

o o A 4.11)

from a model fit to published multiwavelength cross section data on Boat-tailed Grackles (Quiscalus
major), House Sparrows (Passer domesticus), and a Rock Dove (Columba livia). Combining equations
4.9 and 4.11 yields the following equation for estimating S-band radar cross sections of birds:

o, =4.8 - M"¥ (4.12)

When information is available on the species composition of a migratory flight, equations 4.7 and 4.12
can be used to estimate migration traffic rates.

4.3 QUANTIFICATION OF NEXRAD IMAGERY
(by Sidney A. Gauthreaux, Jr., and Robert W. Russell)
Intensive collection of weather and radar data for the project began on March 1, 1998. Radar data came

from NEXRAD stations at Slidell (LIX) and Lake Charles (LCH), Louisiana (Figure 4.1). Once every
hour a base reflectivity product and a base velocity product were downloaded to a computer in the
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Clemson University Radar Ornithology Laboratory (CUROL). The base reflectivity product is an

image showing the distribution and the reflectivity (measured in dBZ,) of targets in the atmosphere
within 230 km of the radar. The base velocity product is an image showing the radial velocity (the
component of a target’s velocity traveling along the radar beam and measured in knots) of the same
targets. The radar data files were provided by a NEXRAD Information Distribution Service (NIDS). The
files were downloaded by modem from Unisys, Inc., during 1998 (from March 1 at 00:00 UTC through
May 31 at 23:00 UTC and from August 15 at 00:00 UTC through November 15 at 23:00 UTC) and via
satellite from Marta Systems, Inc., in 1999 (March 1 at 00:00 UTC through May 31 at 23:00 UTC and
from August 15 at 00:00 through November 15 at 23:00 UTC). All files were archived on CDs and are
stored at CUROL.

Figure 4.1. Locations of the Lake Charles (LCH) and New Orleans (LIX) NEXRAD sites. The circles
delimit the normal surveillance range of 230 km.

Because data on winds aloft are critically important for the discrimination of different types of targets
(e.g., insects, dust and smoke, birds), we downloaded skew-t text files for LCH and LIX via the internet
twice each day. The data were gathered by radiosondes launched by the National Weather Service at
23:00 and 11:00 UTC, and the data for each height above the station include the barometric pressure,
wind direction and speed, temperature, and dew point temperature.

To identify targets most likely to have been migrating birds in base reflectivity images, we used a
Netscape plug-in that opens Level I1I data (NIDS files) and examined the patterns of echoes in the
images. Unlike weather echoes, echoes from birds, bats, and insects frequently produce a disk-like or an
annular pattern of echoes with the radar site at the center. Although the patterns may be saturated and
extend out to a range of 185 km when heavy movements are underway, the patterns are usually stippled,
indicating that not all pulse volumes in a radar scan contain targets. To confirm that echoes were from
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migrating birds, we used the Netscape plug-in to open base velocity files and we filtered out pulse
volumes with radial velocities within 15 knots of balloon-measured wind velocity for the same
altitudes. Because most insect movements rarely exceed velocities of 15 knots above wind speed, when
targets were moving in excess of 15 knots above following winds, or moving against a head wind, we
concluded that the targets were likely birds.

Precipitation, beam bending from superrefraction, strobing, and chaff confound the determination of
echoes from birds by masking echoes or disrupting the echo pattern (Figure 4.2). Insects and other slow
moving aerial biota in the atmosphere also present a serious problem, contributing to pulse volume
reflectivity. Slow targets like insects have low base velocities or drift with the wind at or near ambient
wind speed (Figure 4.2). In cases when these issues arose, we noted such conditions in the database.

Once we classified an image as depicting birds, we used a pixel counting program (FullPixelSearch) to
quantify pixels of different reflectivity (dBZ.). We first drew a 50-by-50 pixel square over an area of
maximum reflectivity within the echo pattern produced by birds and within a range of 55 to 110 km
(Figure 4.3). We then counted the number of pixels in each reflectivity category. In cases when weak
strobes, scattered precipitation, or insects (or a combination of the three) occurred, we placed the square
within an area that maximized the reflectivity from birds and minimized the contamination. We followed
a similar procedure for counting pixels in radial velocity images by placing the square in the area of
greatest velocity. Because radial velocity measures the component of target speed along a radius from the
radar site, the values within the box represents the true ground speed of a field of uniformly moving
targets. We recorded in the database the coordinates of the top, left corner of every square because we
placed the square in different positions on different reflectivity and velocity images. Because pixel values
are provided in dBZ, ranges rather than as precise values of Z., we converted pixel counts into average
reflectivity factors using back-transformed range midpoints and the following equations:

Clear-air operating mode:

Z. =(1/2,500) - {[4.41 - (4-8 dBZ. count)] + [11.08 - (8-12 dBZ, count)]
+[27.83 - (12-16 dBZ, count)] + [69.91 - (16-20 dBZ, count)]
+[175.59 - (20-24 dBZ, count)] + [441.07 - (24-28 dBZ, count)]
+[1,107.93 - (28-32 dBZ, count)]}

Precipitation operating mode:

Z. =(1/2,500) - [6.58 - (5-10 dBZ, count)] + [20.81 - (10-15 dBZ, count)]
+[65.81 - (15-20 dBZ, count)] + [208.11 - (20-25 dBZ. count)]
+[658.11 - (25-30 dBZ, count)] + [2,081.14 - (30-35 dBZ, count)]

Similarly, we converted pixel counts into average ground speed values using the following equation,
arbitrarily selecting a value of 70 knots for the 64+ knot range:

S =(1+ Ycount) - {[15 - (10-20 knot count)] + [23 - (20-26 knot count)]
+[31 - (26-36 knot count)] + [43 - (36-50 knot count)]
+[57 - (50-64 knot count)] + [70 - (64+ knot count)]}

where ) count represents the total count of pulse volumes (out of 2,500 possible) that were determined to

have been dominated by birds (i.e., radial velocities exceeded 15 knots above balloon-measured wind
velocity).
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Figure 4.2. Radar images showing precipitation, strobing, and insect contamination. The
reflectivity image from LIX on September 9, 1999 at 02:34 UTC (top) is
contaminated by strobes (visible around the perimeter as linear spikes) and
precipitation (visible most clearly in the far west as blocky green and yellow
patterns). The corresponding base velocity image (bottom) suggests return
from insects (uniform grayish region representing low velocity).
Contamination of these types obscures echoes from birds.
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Figure 4.3. Pixel counting technique in radar image analysis. When an image contains bird echoes, the
number of pixels for each dBZ, value within a 50-by-50 pixel square (delimited by a black
and white line to the SW of the station) is counted using the FullPixelSearch program. The
square is always drawn on the image within a 55-110 km range. The program displays the
number of pixels when the cursor is placed over one of the bars in the bar graph.
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Chapter 5

Synoptic Climatology of the Northern Gulf of Mexico

Robert W. Russell

5.1 INTRODUCTION

To understand the influence of weather on trans-Gulf migration and platform use, we sought to relate day-
to-day variability in observed migration to large-scale weather patterns over the Gulf via a synoptic
climatology. In synoptic climatological analyses, one attempts to identify a relatively small number of
representative weather patterns that are capable of characterizing the observed daily variability in some
phenomenon of interest, and then relates these types to variation in some environmental parameter or
process of interest (Barry and Perry 1973; Yarnal 1993). Construction of a synoptic climatology of
migration involves the categorization of atmospheric circulation types relevant to migrating birds and the
determination of the climatological frequency of occurrence of different types of migration events.

The method for classifying daily weather patterns into discrete types may be either manual or automated.
In manual weather-typing schemes, the investigator subjectively classifies the continuum of atmospheric
circulation patterns into a reduced set of characteristic weather types, usually on the basis of isobaric
patterns. Automated procedures usually use clustering algorithms with measured surface variables as
input (the “air-mass approach”). Manual typing schemes are necessarily subjective but have the
important advantage of being flexible to the needs of a particular investigation. Automated typing
schemes have the advantages of being objective and of classifying the weather itself, but are relatively
insensitive to atmospheric circulation patterns that may affect processes operating over large scales.

A synoptic climatology for the northern Gulf Coast has previously been developed by Muller (1977; see
also Muller and Wax 1977, Muller 1979) and modified by Yocke et al. (2000). We revised these earlier
schemes slightly to be relevant to migrating birds.

5.2 METHODS

We recognized the following eight synoptic-scale weather types, which are hereafter indicated by their
abbreviations in boldface for easy recognition:

Gulf Front (GF) — This type subsumed Yocke et al.’s “Gulf Front or Trough N/S” and “Gulf Front or
Trough E/W” types, which correspond respectively to Muller’s “Pacific High” and “Frontal Overrunning’
types. On days characterized by this type, cyclonic circulation around a deep surface low over the
Mississippi Valley brings mild and dry air following the cold front across the northern Gulf. An east-
west or northeast-southwest oriented front or trough is located in the northern Gulf region within about
100 km of the coastline. Winds in the northern Gulf are variable, but generally have a northerly
component on the northern or western side of the front and a southerly component on the southern or
eastern side. Frequently waves develop along the front over the western Gulf, and then sweep
northeastward bringing heavy clouds and precipitation to the Gulf Coast. This pattern is often
accompanied by other patterns. In this study, if winds on both sides of the front were from the same
direction (indicating a weak front) and the wind directions were consistent with the other accompanying
synoptic pattern, then the GF pattern was ignored and the other accompanying pattern was chosen.

B
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East Coast Low (ELOW) — This new type described by Yocke et al. is similar to GF except that

the low-pressure system has moved east of the Mississippi River and the front has correspondingly
swept over the Gulf, through Florida, and into the Atlantic. From the standpoint of our study region in
the northern Gulf, prevailing weather is often very similar between GF and ELOW days. However, on
GF days, the front has not penetrated to the Yucatan Peninsula and so in spring GF is likely to be
conducive to the initiation of northward trans-Gulf migration. In contrast, winds over the Yucatan on
ELOW days will generally be unfavorable for the initiation of spring trans-Gulf migration.

Midwest Continental High (MCH) — This type corresponds to Muller’s “Continental High” type. On
MCH days, winds over the northern Gulf are dominated by anticyclonic flow around a high-pressure
system centered west of the Mississippi River, over or east of the Rocky Mountains, and north of the
Texas/Mexico border. Surface winds are from the northeast, and the region is dominated by fair weather
associated with the core of the anticyclone.

Eastern Continental High (ECH) — This type devised by Yocke et al. subsumes Muller’s “Coastal
Return” type as well as some situations that would be classified under Muller’s “Continental High” type.
On ECH days, winds over the northern Gulf are dominated by anticyclonic flow around a high-pressure
system located east of the Mississippi River and west of the eastern seaboard, somewhere between the
Gulf Coast and southern Canada. Surface winds may be from the east or southeast (eastern areas) or from
the south (western areas).

Bermuda High (BH) — This type is a subdivision of Muller’s “Coastal Return” type (with the remainder
of the Coastal Return type falling under ECH). It is very similar to the ECH type, but the high-pressure
system is centered over the Atlantic Ocean. A ridge of tropical air extends westward from the Atlantic
over the southeastern states, and surface winds in the northern Gulf may be from the southeast or south.

Gulf High (GH) -- This type corresponds to Mueller’s type of the same name. On GH days. high
pressure is centered over the Gulf or over the immediate Gulf Coast and usually associated with a weak
pressure gradient and weak or nonexistent winds. We subsumed the Yocke et. al. (2000) “No Gradient”
type into the GH type.

Tropical Low (TLOW) — This type corresponds to Mueller’s “Gulf Tropical Disturbances.” On TLOW
days, a hurricane, tropical storm, or tropical depression exists in the Gulf region and dominates its
weather. Winds reflect the strong cyclonic flow around the low pressure center and are locally highly
variable, depending upon the precise position of the system.

Not Determined (ND) — This default type comprised complex weather situations that did not fall clearly
into one of the seven other types.

We did not use the “Midwest Low” type recognized by Yocke et al., which corresponds to Muller’s “Gulf
Return” type. In a Midwest Low scenario, a low-pressure system is located east of the Rockies with a
north-south or northeast-southwest oriented front approaching the Gulf. Surface winds are dominated by
cyclonic flow around the Low, with a strong return flow of maritime tropical air developing over the
northern Gulf in advance of the front. Wind direction is generally from the SW (western Gulf) or S
(farther east). We did not formally recognize this type because it was very infrequent during this study,
and easily subsumed into the ECH or BH types.

On GF days during the fall, we also assigned a weather type behind the frontal boundary (i.e., as if the

front were absent). The reason for this was that migrating birds departing the northern Gulf Coast on GF
days generally travel in the same direction as the frontal boundary (which is not the case during the
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spring), and primarily experience post-frontal conditions on GF days. This secondary type (usually
MCH or ELOW) was used in all analyses of fall migration, unless otherwise noted.

Each day during “spring” (March-May) and “fall” (August-November) in 1998, 1999, and 2000 was
manually classified into one of the eight synoptic weather types based on surface pressure contours and
wind flow patterns at 12:00 UTC (06:00 CST). Sources of information used to assign daily weather types
included: 1) daily synoptic maps archived by Unisys at <http://weather.unisys.com/archive/sfc_map/>; 2)
daily surface synoptic charts published by NOAA (Daily Weather Maps: Weekly Series); and when the
previous two data sources were unavailable, inconsistent, or inconclusive, 3) local weather data recorded
on the platforms. Pressure patterns and the configuration of major high- and low-pressure systems were
used as the principal decision criteria. In cases where more than one pattern was present, we chose the
feature with the greater influence on winds in the northern Gulf. If it was difficult to determine which
feature had a greater influence on winds in the northern Gulf, we favored the upstream feature (generally
the feature to the west) rather than the downstream feature (generally to the east). All classifications were
made without reference to any bird migration data.

5.3 RESULTS

The weather types assigned to each day during each migration season throughout the study are presented
in Table 5.1 (“spring”: March-May) and Table 5.2 (“fall”: August-November).

Inspection of Tables 5.1 and 5.2 reveals that weather over the Gulf usually follows a predictable cycle
(Figure 5.1). As the center of an anticyclone drifts eastward across the continent and out over the Atlantic
Ocean, winds over the northern Gulf veer from NE (MCH) to E (ECH) and eventually to SE (BH).
Eventually a cyclone moves eastward and a front passes over the Gulf (GF) bringing winds from the NW.
Following frontal passage, winds over the Gulf are dominated by the departing cyclone (ELOW) until a
new anticyclone approaches and the cycle repeats. Occasionally the cycle is interrupted when the
anticyclone drifts out over the Gulf (GH), usually resulting in light winds over the northern Gulf. During
the summer and fall, tropical weather systems may develop in the Gulf or enter the Gulf from the east
(TLOW), usually bringing strong winds and foul weather.

The relative frequencies of the different weather types in each spring are depicted in Figure 5.2.
Conditions were rarely unfavorable for northward trans-Gulf departures in May. However, favorability of
departure conditions earlier in the spring varied dramatically from year to year, with unfavorable
conditions (ELOW and MCH) more than twice as frequent in 1998 than in 1999 and 2000. Conditions
conducive to departure but likely to induce fallouts in the northern Gulf of Mexico (GF) were common in
March in 1999 and 2000; were common in April in 1998 and 2000; and were rare in May in all years.
May tended to be dominated by a single weather pattern, which was different in each of the three years:
GH in 1998, ECH in 1999, and BH in 2000.

The relative frequencies of the different weather types in each fall are depicted in Figure 5.3. The most
striking features in fall were the strong predominance of the GH type in August and the tremendous
variation in frequency of TLOW from year to year. TLOW was the most common weather pattern
during the first half of the fall migration season in 1998, but was uncommon in 1999 and was rare in
2000. ECH was the most common weather type during October and, in two years of three, in September.
November was characterized by a more even distribution of weather types, with no pattern persisting
across years.

Synoptic weather conditions are compared between spring and fall in Figure 5.4. Overall, spring was
characterized by a greater predominance of weather types most favorable for trans-Gulf flight in the
seasonally appropriate direction (BH, ECH) than was fall (MCH, ELOW).
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Table 5.1.

Synoptic weather types during spring migration,

1998-2000
Synoptic Type
Date 1998 1999 2000
1-Mar ELOW GH BH
2-Mar ELOW GH GF
3-Mar MCH GF GH
4-Mar ECH ECH GF
5-Mar BH ECH GF
6-Mar ECH BH ECH
7-Mar BH GF ECH
8-Mar GF ECH ECH
9-Mar ELOW GF BH
10-Mar MCH GF BH
11-Mar MCH GF GF
12-Mar MCH GF GF
13-Mar ECH GF ECH
14-Mar ECH ELOW ECH
15-Mar ECH ELOW ECH
16-Mar ECH ECH BH
17-Mar ECH BH GF
18-Mar ECH BH GF
19-Mar GF GH GF
20-Mar ELOW GF GF
21-Mar ELOW GF ECH
22-Mar MCH MCH ECH
23-Mar GH GH ECH
24-Mar GH BH ECH
25-Mar ECH GF ECH
26-Mar BH GF GH
27-Mar BH ECH GF
28-Mar BH ECH GF
29-Mar BH ECH BH
30-Mar BH GF GF
31-Mar GF ND GF
1-Apr GF BH ECH
2-Apr BH BH BH
3-Apr GF BH GF
4-Apr GF ECH GF
5-Apr MCH BH MCH
6-Apr ECH GH BH
7-Apr BH ECH BH
8-Apr BH BH GF
9-Apr GF BH MCH
10-Apr ELOW BH GH
11-Apr MCH GH BH
12-Apr ECH GH GF
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Table 5.1.

Synoptic weather types during spring migration,

1998-2000
Synoptic Type
Date 1998 1999 2000
13-Apr BH ECH GF
14-Apr BH ECH GF
15-Apr BH GF GH
16-Apr BH ELOW ECH
17-Apr GF ELOW GH
18-Apr GF MCH GH
19-Apr GF GH ECH
20-Apr MCH GH BH
21-Apr MCH GH GF
22-Apr ELOW BH GF
23-Apr ELOW BH ECH
24-Apr GH GH GF
25-Apr BH GH GF
26-Apr BH BH MCH
27-Apr BH BH GH
28-Apr GF GF GH
29-Apr GF ECH GF
30-Apr GF MCH ECH
1-May GH MCH ECH
2-May GH ECH BH
3-May BH ECH ND
4-May GF ECH ECH
5-May ECH BH ECH
6-May BH GF BH
7-May BH GF BH
8-May BH GF BH
9-May BH ECH BH
10-May GF ECH BH
11-May GF ECH BH
12-May ECH ECH BH
13-May ECH GF GF
14-May ECH BH MCH
15-May GH BH MCH
16-May GH ECH GH
17-May GH ECH BH
18-May GH ECH BH
19-May GH MCH BH
20-May GH ECH BH
21-May GH ECH BH
22-May GH ECH GH
23-May GH GH GH
24-May GH GH BH
25-May ECH GH BH
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Table 5.1.

Synoptic weather types during spring migration,

1998-2000
Synoptic Type
Date 1998 1999 2000
26-May ECH GH BH
27-May ND GH BH
28-May GH GH GH
29-May GH ECH GH
30-May GH ECH GH
31-May GH ECH ECH
Table 5.2.

Synoptic weather types during fall migration, 1998-2000

Synoptic Type

Date 1998 1999 2000
1-Aug GH GH GH
2-Aug GH GH GH
3-Aug ND GH GH
4-Aug ND TLOW GH
5-Aug ND TLOW GH
6-Aug GH TLOW GH
7-Aug TLOW ND GH
8-Aug TLOW GH GH
9-Aug GH GH GH
10-Aug GH GH GH
11-Aug GH GH GH
12-Aug GH GH GH
13-Aug GH GH GF/MCH
14-Aug GH GH TLOW
15-Aug GH TLOW GH
16-Aug GH TLOW GH
17-Aug GH GH GH
18-Aug GH GH GH
19-Aug ECH GH GH
20-Aug TLOW GH GH
21-Aug TLOW GH GH
22-Aug TLOW TLOW ECH
23-Aug ECH TLOW ECH
24-Aug ECH GH ECH
25-Aug ECH GH GH
26-Aug GH GH GH
27-Aug GH GH GH
28-Aug GH GH GH
29-Aug TLOW GH GH
30-Aug TLOW GH GH
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Table 5.2.

Synoptic weather types during fall migration, 1998-2000

Synoptic Type
Date 1998 1999 2000
31-Aug TLOW ECH GH
1-Sep TLOW ECH GH
2-Sep TLOW ECH ND
3-Sep TLOW GH ND
4-Sep GH GH GH
5-Sep ECH GH ND
6-Sep ECH GH GF/ECH
7-Sep ECH GH GF/ECH
8-Sep TLOW GH ECH
9-Sep TLOW GF/ELOW ECH
10-Sep TLOW GF/MCH ECH
11-Sep TLOW ECH ECH
12-Sep TLOW ECH ECH
13-Sep TLOW ECH ECH
14-Sep ECH MCH ECH
15-Sep ECH MCH ND
16-Sep ECH MCH MCH
17-Sep TLOW MCH TLOW
18-Sep TLOW ECH TLOW
19-Sep TLOW TLOW ECH
20-Sep TLOW TLOW BH
21-Sep ND TLOW TLOW
22-Sep GH MCH TLOW
23-Sep MCH MCH BH
24-Sep ECH GH GH
25-Sep TLOW ECH GF/ELOW
26-Sep TLOW ECH GF/ELOW
27-Sep TLOW ECH MCH
28-Sep TLOW ECH MCH
29-Sep TLOW ECH ECH
30-Sep ELOW MCH ECH
1-Oct GH MCH ECH
2-Oct GH ECH ECH
3-Oct ECH ECH ECH
4-Oct BH ECH ECH
5-Oct BH MCH ND
6-Oct ECH TLOW GH
7-Oct GF/ELOW TLOW GF/MCH
8-Oct GF/MCH ECH MCH
9-Oct MCH BH MCH
10-Oct MCH ELOW MCH
11-Oct ECH MCH MCH
12-Oct ECH ECH ECH
13-Oct MCH ECH ECH
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Table 5.2.

Synoptic weather types during fall migration, 1998-2000

Synoptic Type

Date 1998 1999 2000
14-Oct MCH TLOW ECH
15-Oct ECH TLOW ECH
16-Oct ECH TLOW ECH
17-Oct ECH GH GH
18-Oct BH MCH GF/MCH
19-Oct GF/MCH MCH MCH
20-Oct MCH MCH ECH
21-Oct MCH MCH ECH
22-Oct MCH MCH ECH
23-Oct MCH ELOW ECH
24-Oct ECH MCH ECH
25-Oct ECH ECH ECH
26-Oct ECH ECH ECH
27-Oct ECH GH ECH
28-Oct ECH ECH GH
29-Oct ECH ECH GH
30-Oct GH ECH GH
31-Oct GH GF/ELOW GH
1-Nov GH GF/ELOW GH
2-Nov GF/ELOW ELOW ECH
3-Nov GF/ELOW ELOW ECH
4-Nov MCH ECH GH
5-Nov MCH ECH GH
6-Nov MCH ECH ND
7-Nov ECH MCH GF/MCH
8-Nov ECH MCH GF/ELOW
9-Nov BH ECH GF/ELOW
10-Nov BH ECH ELOW
11-Nov GF/MCH ND MCH
12-Nov ECH MCH GH
13-Nov ECH ECH GF/ELOW
14-Nov ND GH GF/ELOW
15-Nov GF/ELOW ELOW MCH
16-Nov ELOW ELOW ECH
17-Nov ELOW MCH GF/MCH
18-Nov ECH ECH GF/MCH
19-Nov ECH ECH TLOW
20-Nov ECH ND GF/ELOW
21-Nov GF/MCH ND MCH
22-Nov ECH ECH GH
23-Nov BH ECH ECH
24-Nov ND GF/MCH GF/ELOW
25-Nov GH GF/MCH GF/ELOW
26-Nov GH ELOW GH
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Table 5.2.

Synoptic weather types during fall migration, 1998-2000

Synoptic Type
Date 1998 1999 2000
27-Nov GH GH GH
28-Nov ECH GH GH
29-Nov ECH MCH GH
30-Nov BH MCH MCH

GF Gulf Front

Eastern
Low

Bermuda

Eastern MCH
Continental Midwest
High Continental

High

£ D
TLOW Tropical Low

Figure 5.1. Seven synoptic types used for classifying large-scale weather patterns in this
study. The arrows indicate typical synoptic weather transitions in the study
area. The diagrammatic weather maps are modified from Yocke et al. (2000)
with permission.
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Figure 5.2. Relative frequencies of the different weather types in spring 1998-2000. Weather types that
are consistently favorable for northbound migrants are colored green, and those that are
consistently unfavorable are red.



20

1998 B TLOW
15 m BH
GH
10 1 = @ GF
5 | = 8 ECH
= @ MCH/ELOW
(7)) 0 - =
>
8w 1999
S 15 -
o 10 = =
o = =
£ 51 = =
-] = =
Z 0 7 = T T =
\ 2000
N
N -
N =
N =
N =
N = gl
N =
s I §—| I
Aug Sept Oct Nov

Figure 5.3. Relative frequencies of the different weather types in fall 1998-2000. Weather types that are
consistently favorable for southbound migrants are colored green, and those that are
consistently unfavorable are red.
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PART 2

ECOLOGY OF
TRANS-GULF BIRD MIGRATION



Chapter 6

Species Composition of Offshore Migrants

Robert W. Russell

6.1 EcoLoGICAL CATEGORIZATION OF SPECIES RECORDED FROM PLATFORMS

Many unexpected species were recorded during the study, and it was clear that multiple factors were
responsible for the presence of different species on Gulf platforms. In order to attempt to isolate the
factors responsible for their presence, all species recorded during the study were first classified into
groups based on biogeography, migratory behavior, and other ecological characteristics.

All ducks and geese (family Anatidae) were included together in one group hereafter referred to as
“waterfow]” (Table 6.1). Most waterfowl species are nocturnal migrants that travel in flocks, and most
were not expected to be trans-Gulf migrants on the basis of their known winter distributions. Gregarious
wading birds including herons, egrets, ibises, and spoonbills (families Ardeidae, Threskiornithidae) were
considered together in one group hereafter referred to as “herons” (Table 6.2). Most heron species are
nocturnal migrants that travel in flocks, and most were expected to be trans-Gulf migrants on the basis of
their known winter distributions. Bitterns were excluded from the “herons” group because of their
solitary behavior. Falconiform raptors (families Accipitridae, Falconidae) are all diurnal migrants, but
different species exhibit widely varying water-crossing behaviors. Diurnal raptors are generally treated
here on a species-specific basis (Table 6.3). Shorebirds (families Charadriidae, Recurvirostridae,
Scolopacidae) migrate by both day and night, generally traveling in flocks, and all species were included
together in one group (Table 6.4).

Neotropical migrant “landbird” species with wintering ranges extending routinely into Central America
beyond the Isthmus of Tehuantepec were considered to be potential trans-Gulf migrants on the basis of
distribution, and were included together in one group hereafter referred to as “neotropical migrant
landbirds” (Table 6.5). This group included landbirds as well as solitary marsh birds (Pied-billed Grebe,
bitterns, gallinules, rails); members of this group are nocturnal migrants that travel alone. For some
analyses, this group was further subdivided into small neotropical migrant landbirds (body mass <21 g)
and large neotropical migrant landbirds (body mass >21 g), in part to accommodate the fact that flight
speed increases with body mass (Pennycuick 1989).

The group referred to as “medium-distance migrants” included species that routinely winter along the
northern Gulf Coast and at least as far south as southern Tamaulipas, but not beyond southern Veracruz,
and not on the Yucatan Peninsula, except as a vagrant (Table 6.6). Medium-distance migrant species
were so identified because their winter distributions suggest that some portion of the population might
travel over the Gulf, but only over the western Gulf. The group referred to as “short-distance migrants”
included species that have no known regular wintering populations south of northern Tamaulipas and are
unrecorded elsewhere from Atlantic Slope of Mexico (Table 6.7). Short-distance migrants were expected
(a priori) not to be “intentional” trans-Gulf migrants.
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Table 6.1.
Waterfowl recorded from the study platforms

Species are listed in taxonomic order according to AOU (1998). Body mass data
are from Sibley (2000).

Species Body Mass (g)
Fulvous Whistling-Duck (Dendrocygna bicolor) 670
Black-bellied Whistling-Duck (Dendrocygna autumnalis) 830
Greater White-fronted Goose (Anser albifrons) 2,200
Snow Goose (Chen caerulescens) 2,420
Ross’s Goose (Chen rossii) 1,250
Gadwall (A4nas strepera) 910
American Wigeon (4nas americana) 720
Mallard (Anas platyrhynchos) 1,100
Blue-winged Teal (4nas discors) 380
Cinnamon Teal (Anas cyanoptera) 400
Northern Shoveler (4nas clypeata) 610
Northern Pintail (4nas acuta) 800
Green-winged Teal (4nas crecca) 350
Redhead (4ythya americana) 1,050
Ring-necked Duck (Aythya collaris) 700
Greater Scaup (Aythya marila) 1,050
Lesser Scaup (Aythya affinis) 830
Surf Scoter (Melanitta perspicillata) 950
White-winged Scoter (Melanitta fusca) 1,670
Hooded Merganser (Lophodytes cucullatus) 620
Red-breasted Merganser (Mergus serrator) 1,060
Table 6.2.

Herons recorded from the study platforms

Listing order and source of body mass data as in Table 6.1.

Species Body Mass (g)
American Bittern (Botaurus lentiginosus) 700
Great Blue Heron (Ardea herodias) 2,400
Great Egret (Ardea alba) 870
Snowy Egret (Egretta thula) 360
Little Blue Heron (Egretta caerulea) 340
Tricolored Heron (Egretta tricolor) 380
Reddish Egret (Egretta rufescens) 450
Cattle Egret (Bubulcus ibis) 340
Green Heron (Butorides virescens) 210
Black-crowned Night-Heron (Nycticorax nycticorax) 870
Yellow-crowned Night-Heron (Nyctanassa violacea) 690
White Ibis (Eudocimus albus) 900
White-faced Ibis (Plegadis chihi) 610
Roseate Spoonbill (4jaia ajaja) 1,500
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Table 6.3.

Diurnal raptors recorded from the study platforms

Listing order and source of body mass data as in Table 6.1.

Species Body Mass (g)
Osprey (Pandion haliaetus) 1,600
Swallow-tailed Kite (Elanoides forficatus) 420
Mississippi Kite (Ictinia mississippiensis) 280
Northern Harrier (Circus cyaneus) 420
Sharp-shinned Hawk (Accipiter striatus) 140
Cooper’s Hawk (Accipiter cooperii) 450
Broad-winged Hawk (Buteo platypterus) 390
American Kestrel (Falco sparverius) 117
Merlin (Falco columbarius) 190
Aplomado Falcon (Falco femoralis) 335
Peregrine Falcon (Falco peregrinus) 720

Table 6.4.
Shorebirds recorded from the study platforms

Listing order and source of body mass data as in Table 6.1.

Species

Body Mass (g)

Black-bellied Plover (Pluvialis squatarola)
American Golden-Plover (Pluvialis dominica)
Wilson’s Plover (Charadrius wilsonia)
Semipalmated Plover (Charadrius semipalmatus)
Killdeer (Charadrius vociferus)
Black-necked Stilt (Himantopus mexicanus)
American Avocet (Recurvirostra americana)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)

Solitary Sandpiper (Tringa solitaria)

Willet (Catoptrophorus semipalmatus)
Spotted Sandpiper (Actitis macularia)
Upland Sandpiper (Bartramia longicauda)
Whimbrel (Numenius phaeopus)

Long-billed Curlew (Numenius americanus)
Hudsonian Godwit (Limosa haemastica)
Marbled Godwit (Limosa fedoa)

Ruddy Turnstone (Arenaria interpres)

Red Knot (Calidris canutus)

Sanderling (Calidris alba)

Semipalmated Sandpiper (Calidris pusilla)
Western Sandpiper (Calidris mauri)

Least Sandpiper (Calidris minutilla)
White-rumped Sandpiper (Calidris fuscicollis)

240
145
60
45
95
160
315
160
80
50
215
40
170
390
590
300
370
110
135
60
25
26
20
42
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Table 6.4.
Shorebirds recorded from the study platforms

Listing order and source of body mass data as in Table 6.1.

Species Body Mass (g)
Baird’s Sandpiper (Calidris bairdii) 38
Pectoral Sandpiper (Calidris melanotos) 73
Dunlin (Calidris alpine) 60
Stilt Sandpiper (Calidris himantopus) 58
Buff-breasted Sandpiper (Tryngites subruficollis) 63
Long-billed Dowitcher (Limnodromus scolopaceus) 115
Common Snipe (Gallinago gallinago) 105
Wilson’s Phalarope (Phalaropus tricolor) 60
Red-necked Phalarope (Phalaropus lobatus) 35
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Table 6.5.
Neotropical migrant landbirds recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds that have wintering
ranges routinely extending into Central America (beyond the Isthmus of Tehuantepec). “Range” provides relevant
details on each species’ known winter distribution (Win), summer breeding distribution (Sum), and/or migration
route (Mig). Except where otherwise noted, all species are considered to be widespread during migration along the
Atlantic Slope from Tamaulipas to n. Honduras. Listing order and source of body mass data as in Table 6.1. Range
data are from Howell and Webb (1995), Rising (1996), Dunn and Garrett (1997), and Sibley (2000).

Species Body Mass (g) Range
Pied-billed Grebe (Podilymbus podiceps) 450 Win: s. USA-?
Least Bittern (Ixobrychus exilis) 80 Win: s. Texas-Columbia; also s. Florida.
Black Rail (Laterallus jamaicensis) 30 Win: unclear due to extremely secretive

behavior and existence of several disjunct
populations; probably s. USA, w. West
Indies, and possibly e. Mexico and n.
Central America.

Sora (Porzana carolina) 75 Win: s. USA-n. South America.
Purple Gallinule (Porphyrula martinica) 235 Win: Veracruz-South America.
Common Moorhen (Gallinula chloropus) 315 Win: s. USA-?

American Coot (Fulica americana) 650 Win: s. USA-n. Columbia.

Mourning Dove (Zenaida macroura) 120 Win: n. USA-s. Central America.
Black-billed Cuckoo (Coccyzus erythropthalmus) 52 Win: South America.

Yellow-billed Cuckoo (C. americanus) 65 Win: South America.

Common Nighthawk (Chordeiles minor) 62 Win: South America.
Chuck-will’s-widow (Caprimulgus carolinensis) 120 Win: n. Veracruz-n. Central America,

except not on Yucatan Peninsula

Whip-poor-will (C. vociferus) 54 Win: s. USA-w. Panama, except not on
Yucatan Peninsula. Mig: widespread,
except unrecorded on Yucatan Peninsula

Belted Kingfisher (Ceryle alcyon) 150 Win: n. USA-n. South America.

Yellow-bellied Sapsucker (Sphyrapicus varius) 50 Win: s. USA-Panama.

Eastern Wood-Pewee (Contopus virens) 14 Win: South America.

Yellow-bellied Flycatcher (Empidonax flaviventris) 11.5 Win: Veracruz-Panama.

Acadian Flycatcher (E. virescens) 13 Win: e. Nicaragua-Ecuador. Fall Mig:
from Yucatan Peninsula eastward.

Alder Flycatcher (E. alnorum) 13.5 Win: South America. Mig: widespread,
except unrecorded on Yucatan Peninsula

Willow Flycatcher (E. traillii) 13.5 Win: Honduras-Panama. Mig: widespread,
except unrecorded on Yucatan Peninsula

Least Flycatcher (E. minimus) 10.3 Win: s. Tamaulipas-Costa Rica.

Great Crested Flycatcher (Myiarchus crinitus) 34 Win: s. Veracruz-n. South America.

Eastern Kingbird (7yrannus tyrannus) 40 Win: South America.
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Table 6.5.

Neotropical migrant landbirds recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds that have wintering
ranges routinely extending into Central America (beyond the Isthmus of Tehuantepec). “Range” provides relevant
details on each species’ known winter distribution (Win), summer breeding distribution (Sum), and/or migration
route (Mig). Except where otherwise noted, all species are considered to be widespread during migration along the
Atlantic Slope from Tamaulipas to n. Honduras. Listing order and source of body mass data as in Table 6.1. Range
data are from Howell and Webb (1995), Rising (1996), Dunn and Garrett (1997), and Sibley (2000).

Species Body Mass (g) Range

Scissor-tailed Flycatcher (7. forficatus) 43 Sum: east to sw. Missouri, w. Arkansas, w.
Louisiana, coastal Texas, n. Tamaulipas.
Win: s. Veracruz-w. Campeche; a few in
s. Florida; vagrant on Yucatan Peninsula
and in Belize.

White-eyed Vireo (Vireo griseus) 11.5 Win: se. USA-n. Nicaragua.

Yellow-throated Vireo (V. flavifrons) 18 Win: s. Veracruz-n. South America.

Warbling Vireo (V. gilvus) 12 Win: w. Mexico-s. Honduras; absent from
Yucatan Peninsula. Mig: Tamaulipas-s.
Veracruz; unrecorded on Yucatan
Peninsula

Philadelphia Vireo (V. philadelphicus) 12 Win: s. Veracruz-n. Columbia.

Red-eyed Vireo (V. olivaceus) 17 Win: South America.

Blue-gray Gnatcatcher (Polioptila caerulea) 6 Win: s. USA-Honduras.

Veery (Catharus fuscescens) 31 Win: Columbia-Brazil. Mig: from s.
Veracruz eastward.

Gray-cheeked Thrush (C. minimus) 32 Win: Columbia-Brazil. Mig: from s.
Veracruz eastward.

Swainson’s Thrush (C. ustulatus) 31 Win: s. Veracruz-n. Argentina, except not
on Yucatan Peninsula Mig: widespread,
but less common on Yucatan Peninsula

Wood Thrush (Hylocichla mustelina) 47 Win: s. Veracruz-n. Columbia.

Gray Catbird (Dumetella carolinensis) 37 Win: se. USA-Panama.

Blue-winged Warbler (Vermivora pinus) 8.5 Win: S Veracruz-Costa Rica.

Golden-winged Warbler (V. chrysoptera) 8.8 Win: s. Mexico (Chiapas)-n. South
America; absent from Yucatan Peninsula

Tennessee Warbler (V. peregrina) 10 Win: s. Veracruz-n. South America, except
not on Yucatan Peninsula; most abundant
Costa Rica-nw. Columbia.

Nashville Warbler (V. ruficapilla) 8.7 Win: s. Texas-Guatemala; absent from
Yucatan Peninsula. Mig: Tamaulipas-s.
Veracruz; vagrant on Yucatan Peninsula;
rare in se. USA.

Northern Parula (Parula americana) 8.6 Win: primarily West Indies, where

common; also fairly common s.
Veracruz-n. Honduras.
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Table 6.5.
Neotropical migrant landbirds recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds that have wintering
ranges routinely extending into Central America (beyond the Isthmus of Tehuantepec). “Range” provides relevant
details on each species’ known winter distribution (Win), summer breeding distribution (Sum), and/or migration
route (Mig). Except where otherwise noted, all species are considered to be widespread during migration along the
Atlantic Slope from Tamaulipas to n. Honduras. Listing order and source of body mass data as in Table 6.1. Range
data are from Howell and Webb (1995), Rising (1996), Dunn and Garrett (1997), and Sibley (2000).

Species Body Mass (g) Range

Yellow Warbler (Dendroica petechia) 9.5 Win: n. Veracruz-n. South America.

Chestnut-sided Warbler (D. pensylvanica) 9.6 Win: s. Veracruz-e. Panama, primarily from
Honduras eastward; absent from Yucatan
Peninsula.

Magnolia Warbler (D. magnolia) 8.7 Win: n. Veracruz-w. Panama.

“Myrtle” Warbler (D. coronata coronata) 12.3 Win: s. USA-Honduras; Greater Antilles.

Black-throated Green Warbler (D. virens) 8.8 Win: s. Tamaulipas-cen. Panama.

Blackburnian Warbler (D. fusca) 9.8 Win: n. South America. Mig: widespread,
except uncommon on Yucatan Peninsula.

Yellow-throated Warbler (D. dominica albilora) 9.4 Win: s. Texas-Nicaragua.

Bay-breasted Warbler (D. castanea) 12.5 Win: Panama-nw. South America. Fall
Mig: mainly from Yucatan Peninsula
eastward.

Cerulean Warbler (D. cerulea) 93 Win: n. South America. Mig: widespread
from Veracruz southward.

Black-and-white Warbler (Mniotilta varia) 10.7 Win: s. Texas-nw. South America; s.
Florida; West Indies.

American Redstart (Setophaga ruticilla) 8.3 Win: n. Veracruz-n. South America; West
Indies.

Prothonotary Warbler (Protonotaria citrea) 16 Win: Yucatan Peninsula (rare) and n.

Honduras (scarce) to nw. South America.
Mig: mainly from Yucatan Peninsula

eastward.

Worm-eating Warbler (Helmitheros vermivora) 13 Win: s. Veracruz-central Panama; West
Indies.

Swainson’s Warbler (Limnothlypis swainsonit) 19 Win: primarily in West Indies, especially
Greater Antilles; also Yucatan Peninsula,
Belize.

Ovenbird (Seiurus aurocapillus) 19.5 Win: s. Tamaulipas-cen. Panama; s.
Florida; West Indies.

Northern Waterthrush (S. noveboracensis) 18 Win: s. Tamaulipas-n. South America; West
Indies.

Louisiana Waterthrush (S. motacilla) 20.5 Win: s. Tamaulipas-Panama, except not on

Yucatan Peninsula; West Indies.

Kentucky Warbler (Oporornis formosus) 14 Win: s. Veracruz to w. Panama.
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Table 6.5.
Neotropical migrant landbirds recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds that have wintering
ranges routinely extending into Central America (beyond the Isthmus of Tehuantepec). “Range” provides relevant
details on each species’ known winter distribution (Win), summer breeding distribution (Sum), and/or migration
route (Mig). Except where otherwise noted, all species are considered to be widespread during migration along the
Atlantic Slope from Tamaulipas to n. Honduras. Listing order and source of body mass data as in Table 6.1. Range
data are from Howell and Webb (1995), Rising (1996), Dunn and Garrett (1997), and Sibley (2000).

Species Body Mass (g) Range

Mourning Warbler (O. philadelphia) 12.5 Win: s. Nicaragua-nw. South America.
Mig: widespread, except rare on Yucatan
Peninsula; rare in se. USA.

Common Yellowthroat (Geothlypis trichas) 10 Win: s. USA-cen. Panama; West Indies.
Hooded Warbler (Wilsonia citrina) 10.5 Win: s. Veracruz-Nicaragua.
Wilson’s Warbler (W. pusilla) 7.7 Win: mainly n. Tamaulipas-Costa Rica;

also regular but uncommon se. Louisiana-
s. Texas. Mig: widespread, except rare to
uncommon on Yucatan Peninsula; rare in

se. USA.

Canada Warbler (W. canadensis) 10.3 Win: n. South America. Mig: widespread,
except rare on Yucatan Peninsula; scarce
in se. USA.

Yellow-breasted Chat (Icteria virens) 25 Win: s. Tamaulipas-w. Panama.

Summer Tanager (Piranga rubra) 29 Win: n. Veracruz-n. South America.

Scarlet Tanager (P. olivacea) 28 Win: Columbia-Bolivia. Mig: mainly from

Yucatan Peninsula eastward.

Savannah Sparrow (Passerculus sandwichensis) 20 Win: s. USA-Belize; w. West Indies
(Bahamas, Cuba, Isle of Pines, Cayman
Is., Swan Is.)

Rose-breasted Grosbeak (Pheucticus ludovicianus) 45 Win: s. Veracruz-Peru.

Blue Grosbeak (Guiraca caerulea) 28 Win: s. Tamaulipas-Costa Rica.

Indigo Bunting (Passerina cyanea) 14.5 Win: n. Veracruz-Panama.

Painted Bunting (P. ciris) 15.5 Win: s. Tamaulipas-cen. Panama.
Dickcissel (Spiza americana) 27 Win: s. Veracruz-n. South America, except

not on Yucatan Peninsula. Mig:
widespread, but uncommon on Yucatan

Peninsula.
Orchard Oriole (Icterus spurius) 19 Win: s. Veracruz-n. South America.
Baltimore Oriole (1. galbula) 33 Win: s. Tamaulipas-n. South America.

Mig: widespread, but uncommon on
Yucatan Peninsula.
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Table 6.6.
Medium-distance migrants recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds that routinely winter
along the northern Gulf Coast and at least as far south as s. Tamaulipas, but not beyond s. Veracruz (and not on the
Yucatan Peninsula, except as a vagrant). “Winter range” provides relevant details on each species’ known winter
distribution along the Gulf Coast. Listing order and data sources as in Tables 6.1 and 6.5.

Species Body Mass (g) Winter Range

Virginia Rail (Rallus limicola) 85 s. Florida-n. Veracruz; unrecorded on
Yucatan Peninsula.

“Yellow-shafted” Flicker (Colaptes auratus auratus) 130 s. Florida-s. Tamaulipas; unrecorded on
Yucatan Peninsula.

Eastern Phoebe (Sayornis phoebe) 20 s. Florida-s. Veracruz; vagrant to Yucatan
Peninsula.

Loggerhead Shrike (Lanius ludovicianus) 48 s. Florida-s. Veracruz; unrecorded on
Yucatan Peninsula.

Blue-headed Vireo (Vireo solitarius) 16 s. Florida-s. Veracruz; vagrant on Yucatan
Peninsula.

House Wren (Troglodytes aedon) 11 s. Florida-s. Veracruz; unrecorded on

Yucatan Peninsula.

Sedge Wren (Cistothorus platensis) 9 s. Florida-n. Veracruz; unrecorded on
Yucatan Peninsula.

Marsh Wren (C. palustris) 11 s. Florida-n. Veracruz; unrecorded on
Yucatan Peninsula.

Hermit Thrush (Catharus guttatus) 31 cen. Florida-s. Tamaulipas; rare in s.
Florida; vagrant to s. Veracruz;
unrecorded on Yucatan Peninsula.

American Robin (Turdus migratorius) 77 s. Florida-n. Veracruz; vagrant to s.
Veracruz, Yucatan Peninsula, Belize.

Northern Mockingbird (Mimus polyglottos) 49 s. Florida-s. Veracruz; unrecorded on
Yucatan Peninsula.

American Pipit (Anthus rubescens) 21 s. Florida-s. Veracruz; vagrant to Tabasco,
Yucatan Peninsula.

Orange-crowned Warbler (Vermivora celata) 9 s. Florida-s. Veracruz; vagrant on n.
Yucatan Peninsula.

Chipping Sparrow (Spizella passerina) 12 cen. Florida-s. Tamaulipas; rare in s.
Florida; unrecorded on Yucatan
Peninsula.

Clay-colored Sparrow (S. pallida) 12 cen. Texas-s. Tamaulipas; vagrant farther

east along n. Gulf Coast; rare in
Veracruz; vagrant on n. Yucatan
Peninsula.

Vesper Sparrow (Pooecetes gramineus) 26 cen. Florida-s. Tamaulipas; rare in s.
Florida; vagrant on n. Yucatan
Peninsula.
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Table 6.6.

Medium-distance migrants recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds that routinely winter
along the northern Gulf Coast and at least as far south as s. Tamaulipas, but not beyond s. Veracruz (and not on the
Yucatan Peninsula, except as a vagrant). “Winter range” provides relevant details on each species’ known winter
distribution along the Gulf Coast. Listing order and data sources as in Tables 6.1 and 6.5.

Species

Body Mass (g)

Winter Range

Lark Sparrow (Chondestes grammacus)

Grasshopper Sparrow (Ammodramus savannarum)

Lincoln’s Sparrow (Melospiza lincolnii)

Swamp Sparrow (M. georgiana)

White-crowned Sparrow (Zonotrichia leucophrys)

Western Meadowlark (Sturnella neglecta)
Brewer’s Blackbird (Euphagus cyanocephalus)
Brown-headed Cowbird (Molothrus ater)

Pine Siskin (Carduelis pinus)

American Goldfinch (C. tristis)

29

17

17

17

29

97

63

44

15

13

e. Texas-n. Veracruz; rare farther east
along n. Gulf Coast; vagrant on n.
Yucatan Peninsula.

s. Florida-Veracruz; rare to uncommon on
Yucatan Peninsula; also locally in w.
West Indies (Bahamas, Cuba, Isle of
Pines, Cayman Is., Swan Is.).

s. Florida-s. Veracruz; vagrant on Yucatan
Peninsula, in Belize, and in West
Indies.

s. Florida-n. Veracruz; irregular and less
common from Texas south; unrecorded
on Yucatan Peninsula.

nw. Florida-s. Tamaulipas; rare on Florida
Peninsula; vagrant on n.Yucatan
Peninsula, in Belize, and in West
Indies.

e. Louisiana-n. Veracruz; unrecorded on
Yucatan Peninsula.

Alabama-n. Veracruz; unrecorded on
Yucatan Peninsula.

s. Florida-s. Veracruz; unrecorded on
Yucatan Peninsula.

cen. Florida-s. Tamaulipas; unrecorded on
Yucatan Peninsula.

s. Florida-n. Veracruz; unrecorded on
Yucatan Peninsula.
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Table 6.7.
Short-distance migrants recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds with no known regular
wintering populations south of n. Tamaulipas. All are unrecorded from Atlantic Slope of Mexico (including the
Yucatan Peninsula) unless otherwise indicated. “Winter range” provides relevant details on each species’ known
winter distribution along the Gulf Coast. Listing order and data sources as in Tables 6.1 and 6.5.

Species Body Mass (g) Winter Range

Yellow Rail (Coturnicops noveboracensis) 50 cen. Florida-cen. Texas.

Clapper Rail (Rallus longirostris) 290 s. Florida-n. Tamaulipas (disjunct
population in coastal Yucatan Peninsula
thought to be resident).

King Rail (Rallus elegans) 360 s. Florida-s. Texas; disjunct resident

population in coastal Veracruz, but
migrants from USA populations
unrecorded in Mexico.

Long-eared Owl (4sio otus) 260 Virginia-Kentucky-Arkansas-cen. Texas;
irregular and rare vagrant south to Gulf
Coast from s. Florida-s. Texas.

Short-eared Owl (4. flammeus) 350 South Carolina-Tennessee-Arkansas-cen.
Texas; a few regularly winter south to

Gulf Coast from s. Florida-cen. Texas;
irregular and rare south to n. Veracruz.

Red-headed Woodpecker (Melanerpes 72 cen. Florida-cen. Texas; rare in s. Florida,
erythrocephalus) s. Texas.
Downy Woodpecker (Picoides pubescens) 27 s. Florida-cen. Texas.
Red-breasted Nuthatch (Sitta canadensis) 10 n. Florida-e. Texas; irregular in s. Florida,
s. Texas; vagrant to Nuevo Leon.
White-breasted Nuthatch (S. carolinensis) 21 s. Georgia —ne. Texas.
Carolina Wren (Thryothorus ludovicianus) 21 usually considered to be nonmigratory;

resident to s. Tamaulipas; unrecorded on
Yucatan Peninsula.

Winter Wren (Troglodytes troglodytes) 9 nw. Florida-cen. Texas; vagrant to
Tamaulipas.

Golden-crowned Kinglet (Regulus satrapa) 6 n. Florida-s. Texas; irregularly rare to
uncommon in s. Florida, n. Tamaulipas.

Ruby-crowned Kinglet (R. calendula) 6.5 s. Florida-n. Tamaulipas; vagrant to s.
Veracruz, Yucatan Peninsula.

Brown Thrasher (Toxostoma rufum) 69 s. Florida-cen. Texas; vagrant to
Tamaulipas.

European Starling (Sturnus vulgaris) 82 s. Florida-n. Tamaulipas; vagrant to s.
Veracruz, n. Yucatan Peninsula.

Pine Warbler (Dendroica pinus) 12 cen. Florida-cen. Texas; vagrant to n.
Tamaulipas.

“Yellow” Palm Warbler (D. palmarum hypochrysea) 10.3 n. Florida-se. Louisiana; one record in

Quintana Roo.
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Table 6.7.
Short-distance migrants recorded from the study platforms

This group includes those species and recognizable subspecies of landbirds and marsh birds with no known regular
wintering populations south of n. Tamaulipas. All are unrecorded from Atlantic Slope of Mexico (including the
Yucatan Peninsula) unless otherwise indicated. “Winter range” provides relevant details on each species’ known
winter distribution along the Gulf Coast. Listing order and data sources as in Tables 6.1 and 6.5.

Species Body Mass (g) Winter Range
Eastern Towhee (Pipilo erythrophthalmus) 40 s. Florida to s. Texas.
American Tree Sparrow (Spizella arborea) 20 Virginia-Tennessee-nw. Arkansas-n. Texas.
Field Sparrow (Spizella pusilla) 12.5 s. Florida-n. Tamaulipas.
Henslow’s Sparrow (Ammodramus henslowii) 13 n. Florida-cen. Texas.
LeConte’s Sparrow (4. leconteii) 13 n. Florida-s. Texas.
Nelson’s Sharp-tailed Sparrow (4. nelsoni) 17 cen. Florida-s. Texas; vagrant to n.
Tamaulipas.
Song Sparrow (Melospiza melodia) 20 n. Florida-cen. Texas; rare in s. Florida;

uncommon in s. Texas; rare to
uncommon in n. Nuevo Leon, but
otherwise unrecorded on Atlantic Slope
of Mexico.

White-throated Sparrow (Zonotrichia albicollis) 26 cen. Florida to n. Tamaulipas; uncommon
in s. Florida.

“Slate-colored” Junco (Junco hyemalis hyemalis) 19 n. Florida to cen. Texas; rare in s. Florida;
irregularly rare to uncommon to s.
Tamaulipas; vagrant to s. Veracruz.

Common Grackle (Quiscalus quiscula) 115 s. Florida-cen. Texas.
Boat-tailed Grackle (Q. major) 168 s. Florida-cen. Texas.

The group referred to as “Caribbean vagrants” included those species that normally breed, winter, or
migrate in the Caribbean area and were unexpected (a priori) to occur in the study area except as rare
vagrants (Table 6.8). The group referred to as “western vagrants” comprised species that normally breed
and winter no farther east than central coastal Texas and were unexpected (a priori) to occur in the study
area except as rare vagrants (Table 6.9).

Swifts and swallows are obligate aerial insectivores and all are diurnal migrants; this group is referred to
as “aerial insectivores” (Table 6.10).

Ruby-throated Hummingbirds (Archilochus colubris; body mass = 3.2 g) are diurnal migrants with a
variety of unique ecological and physiological characteristics, and are treated separately here.

Finally, species whose expected trans-Gulf status was unclear because of unknown migratory status, the
existence of widespread resident populations, or other factors are listed in Table 6.11.
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Table 6.8.

Caribbean vagrants recorded from the study platforms

This group includes those species and recognizable subspecies that normally breed, winter, or migrate in the
Caribbean area and were unexpected a priori to occur in the study area except as rare vagrants. “Range” provides
relevant details on each species’ known winter distribution (Win), summer breeding distribution (Sum), and/or
migration route (Mig). Listing order and data sources as in Tables 6.1 and 6.5.

Species

Body Mass (g)

Range

Black Swift (Cypseloides niger)

Cuban Pewee

Gray Kingbird (Tyrannus dominicensis)

Loggerhead Kingbird (7. caudifasciatus)
Black-whiskered Vireo (Vireo altiloquus)

“Caribbean” Cave Swallow (Petrochelidon fulva
citata)

Cape May Warbler (Dendroica tigrina)

Black-throated Blue Warbler (D. caerulescens)

Prairie Warbler (D. discolor)

“Western” Palm Warbler (D. palmarum palmarum)

45

44

15

11

10.2

7.7

10.3

Caribbean population considered to be
resident.

Unrecorded in Mexico.

Win: Caribbean to n. South America.
Mig: rare on e. coast of Yucatan
Peninsula.

Unrecorded in Mexico.

Sum: resident along peninsular Florida
coast. Win: South America. Mig:
vagrant in Quintana Roo, Belize.

Win: Breeding population on n. Yucatan
Peninsula thought to be nomadic in
winter. Mig: unknown.

Win: primarily West Indies; uncommon
along Caribbean coast (mainly offshore
islands) from Quintana Roo to n.
Honduras. Mig: from e. coast of
Yucatan Peninsula eastward, primarily
via Florida.

Win: primarily West Indies; rare-
uncommon along Caribbean coast
(mainly offshore islands) from
Quintana Roo to nw. South America.
Mig: from e. coast of Yucatan
Peninsula eastward, primarily via
Florida.

Win: mainly West Indies; rare-uncommon
along Caribbean coast (mainly offshore
islands) from Quintana Roo to n.
Honduras; also s. Florida. Mig: from e.
coast of Yucatan Peninsula eastward,
primarily via Florida.

Win: se. USA (west to Louisiana), West
Indies, and along Caribbean coast from
n. Yucatan Peninsula to Costa Rica.
Mig: from n. Yucatan Peninsula east.
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Table 6.8.
Caribbean vagrants recorded from the study platforms

This group includes those species and recognizable subspecies that normally breed, winter, or migrate in the
Caribbean area and were unexpected a priori to occur in the study area except as rare vagrants. “Range” provides
relevant details on each species’ known winter distribution (Win), summer breeding distribution (Sum), and/or
migration route (Mig). Listing order and data sources as in Tables 6.1 and 6.5.

Species Body Mass (g) Range

Blackpoll Warbler (D. striata) 13 Win: South America. Spring mig:
probably mainly over w. Caribbean
toward Florida, overflying the islands;
rare in ne. Yucatan Peninsula. Fall
mig: probably entirely overwater from
Atlantic Coast to n. South America;
rare in ne. Yucatan Peninsula.

Connecticut Warbler (Oporornis agilis) 15 Win: South America. Spring mig:
probably across Caribbean to Florida;
one record in Belize. Fall mig:
probably across Atlantic Ocean from e.
USA to n. South America.

Bobolink (Dolichonyx oryzivorus) 43 Win: s. South America. Mig: mainly
across Caribbean; irregularly
uncommon-fairly common in spring
and rare-uncommon in fall from ne.
Yucatan Peninsula to Honduras Bay
Islands.
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Table 6.9.
Western vagrants recorded from the study platforms

This group includes those species and recognizable subspecies that normally breed and winter no farther east than
central coastal Texas and were unexpected a priori to occur in the study area except as rare vagrants. All are
unrecorded from the Yucatan Peninsula unless otherwise indicated. “Range” provides relevant details on each
species’ known winter distribution (Win), summer breeding distribution (Sum), and/or migration route (Mig).
Listing order and data sources as in Tables 6.1 and 6.5.

Species Body Mass( g) Range

Band-tailed Pigeon (Columba fasciata) 360 Sum: east to cen. Colorado, w. Texas, and
throughout interior Central America.
Win: mostly resident within summer
range, but populations in sw. USA
move elsewhere in winter.

Groove-billed Ani (Crotophaga sulcirostris) 85 Sum: s. Texas-South America. Win:
mostly resident within summer range; a
few east to Upper Texas Coast.

Flammulated Owl (Otus flammeolus) 60 Sum: east to cen. Colorado, se. New
Mexico, w. Texas, cen. Mexico. Win:
highlands of cen. Mexico-Guatemala;
unrecorded on Atlantic slope of
Mexico.

Burrowing Owl (Athene cunicularia) 155 Sum: east to e. North Dakota, cen. Kansas,
cen. Texas, cen. Mexico; also a disjunct
resident population in Florida. Win:
cen. Texas-s. Veracruz, and on Pacific
Slope into Honduras; vagrant on
Yucatan Peninsula.

Lesser Nighthawk (Chordeiles acutipennis) 50 Sum: east to se. New Mexico, cen. Texas
coast, Tamaulipas; a disjunct
population on n. Yucatan Peninsula.
Win: north to n. Veracruz, including
Yucatan Peninsula.

Black-chinned Hummingbird (4rchilochus 33 Sum: east to w. Montana, w. Colorado, se.
alexandri) New Mexico, cen. Texas, n. Nuevo
Leon. Win: primarily on Pacific Slope
of Mexico.
Rufous Hummingbird (Selasphorus rufiss) 34 Sum: east to sw. Alberta, w. Montana, e.

Idaho. Win: primarily on Pacific Slope
of Mexico; in recent years, range has
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